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ABSTRACT
There are two schools of thought amongst stormwater management professionals in
Sydney:
1. On Site Detention (OSD) can maintain storm runoff flows, after a watershed 
urbanises, to levels that existed before urbanisation (a view reflected by subdivision 
and land development regulations which require stormwater management facilities 
to limit post-development peak flow rates to their pre-development values, Council 
regulations and codes), and
2. OSD effects are uncertain, in that the use of detention can hold back runoff flows 
from certain areas of a catchment until the peak flow arrives from upstream areas. 
This then causes increases in peak flows in downstream sections o f the catchment, 
which can cause more harm than good. (Rose 1999,Water Board 1992)
This study has the following aims:
• to review current practice for OSD in Australia;
• to analyse the impacts of OSD basins on stormwater management;
• analyse the sensitivity of applying OSD with respect to scaling of models;
• compare the use of normal discharge control versus the use of high-early discharge 
control for OSD;
• compare the effectiveness of OSD basins with larger, regional type basins that serve 
a number of residential allotments in a community; and
• investigate the impacts of imposing OSD in real catchments, including downstream 
effects.
In undertaking this study, the following four major issues are addressed:
1. Review of Councils’ policy on OSD in order to determine current practice and 
policy;
2. Analysis of sensitivity of modelling with respect to scaling of catchments;
3. Analysis of sensitivity of modelling with respect to lumping of sub-catchments 
within real catchments;
4. Application of OSD to real catchments.
The results of this study’s review of current practice for OSD of Australian council’s
OSD policies found that there is:
• Minimal use (14 of 95 councils surveyed) of OSD outside of New South Wales,
• Some use (7 of 33 counculs surveyed) of OSD in Victoria,
• Developing areas of south-east Queensland are currently investigating the 
development and implementation of policies to combat flooding problems,
• The site based approach is specified most often by councils,
• Most councils adopting OSD have a goal of reducing the maximum developed storm 
to the outflows resulting from pre development conditions for all storms up to and 
including the 1 in 100 year average recurrence interval storm, and
• Some councils require that the peak discharge for the development be reduced to the 
peak discharge that occurred for the undeveloped 5 year average recurrence interval 
storm.
i
ii
This review of current practice in stormwater management indicates that OSD is a 
solution to the management of stormwater discharge.
All modelling results in this study are the result o f computer modelling of the 
catchments analysed.
The results indicate that there is a minor effect o f scale on a catchment. This effect is 
not exactly proportional to catchment area. The results also indicate that the use of High 
Early Discharge (HED) can provide significant savings on the storage volume required 
that would otherwise be used under normal discharge control. This reduction results in 
volumes that generally range from 50% to 80% of that utilised in normal discharge 
control. HED control has been found to be an effective form of limiting storage volume 
and still achieving the desired objectives of limiting peak runoff from a catchment.
The results clearly show that the target peak flow from each of the sub-catchments is 
achieved. The timing of these peak flows, however, results in changes to the size of the 
peak flow at each of the nodes within the catchment. It should be noted that the 
downstream flows are less than those recorded for maximum developed conditions at all 
points within each of the catchments that were investigated in this study.
The results presented indicate that the application of OSD, through either normal or high 
early discharge control, does not increase the flooding levels from a sub-catchment. The 
peak flows downstream of the sub-catchments with detention storage applied do not 
reduce to the target peak flow of the 5 year storm for existing conditions, however, the 
reduction from maximum developed conditions is significant.
OSD control has been found to be an effective form of limiting storage volume and 
achieves the desired objectives o f limiting peak runoff from a catchment.
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INTRODUCTION
1.1 INTRODUCTION AND OVERVIEW
Cities are rapidly changing and growing environments. A result of the trend to 
urbanised living is that the natural stormwater runoff flowpaths are changed or 
“improved” through concreting channels, ensuring that flood water is carried away from 
the development quicker than without the improvements and minimises the risk of 
flooding to the site. However, whilst the development site’s risk of flooding has been 
minimised, such measures result in an increased risk of downstream flooding effects.
Urbanisation of a catchment also results in increased areas of impervious surfaces, such 
as roofs, road and paved areas. This increase in impervious area results in an increase in 
the volume of runoff from a catchment. Natural conditions are also altered, resulting in 
a loss of natural flood storages and the blocking and altering of natural flow paths.
Urbanisation therefore results in an increase in the frequency and severity of flooding, 
which is aggravated further by the often uncontrolled development that occurs within 
urban catchments.
Government development policy in New South Wales promotes increasing levels of 
development, calling for higher density living in order to limit the amount of 
government provided services that are required. This has some real benefits for 
providers of services and utilities, but dramatically changes the existing environment.
As a result of the above trends in development, there is a benefit in changing the peak 
outflow of floodwater from a development site. An increasingly popular means of
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achieving reductions in peak outflow is to utilise detention basins, especially where 
there is an increase in impervious area of the development site. The basin serves to 
store floodwater from the site and retard the outflow such that the resulting runoff 
replicates the pre-development condition.
On-site detention (OSD) systems were conceived with the best of intentions. Such 
systems have been devised to address the problems facing infrastructure providers and 
local government -  providing a method to cope with piecemeal development and re­
developments. This provides an alternative to enlarging existing stormwater drainage 
systems, a costly and often difficult operation to undertake with significant short term 
construction impacts to the local area. The use of OSD systems is a method of allowing 
those responsible for increased runoff, and who benefit from the change, to provide the 
storage to maintain the status quo.
Studies in Sydney (Bewsher (1995), O’Loughlin (1999), Rose (1999)) have found that 
local councils across Sydney have introduced policies for redevelopment and 
development of vacant lots that requires the use of OSD basins. This study’s own 
survey has also found a similar trend.
1.2 ON-SITE STORMWATER DETENTION
The primary objective of any detention system is to provide a temporary storage of 
stormwater and to control the discharge to a pre-determined rate in order to prevent 
downstream flooding. This storage has often been provided through the use of large 
regional detention basins. Where a section of catchment is being redeveloped, there is 
often a lack of space, which precludes the use of large basins.
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OSD is the provision of temporary detention storage of stormwater to individual lots in 
a development or redevelopment to ensure that the site does not aggravate flooding 
throughout the catchment. OSD aims to control site runoff, as near to the source as 
possible.
OSD can be applied to various site areas, ranging from single lot redevelopment, such 
as dual occupancy developments through to the redevelopment of larger sites, such as 
the conversion of a factory site into a large residential development incorporating 
hundreds of households. Therefore, the size of OSD facilities can vary greatly from 
systems servicing areas of less than 0.1 ha through to systems servicing sites that cover 
in excess of 6ha.
OSD is normally provided by directing all of the site runoff through the storage facility. 
The storage facility comprises two key components:
1. a control on the discharge to the stormwater system, normally provided by a 
restricting orifice
2. a storage area to temporarily hold the stored water, which could be in the form, 
for example, of a carpark, an underground tank or a garden area.
The two key components are related to two definitions commonly associated with OSD 
design:
1. Permissible Site Discharge (PSD) -  which refers to the maximum restricted rate 
allowed out of the facility and is expressed as litres/second/hectare (1/s/ha), and
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2. Site Storage Requirement (SSR) -  which refers to the minimum storage required 
to ensure the site storage will not spill or overflow when the outflow is restricted 
to the PSD and is expressed as cubic metres/ hectare (m3/ha).
The ultimate aim of OSD is to reduce the peak outflow from the development and 
redevelopment sites so that the capacities of the existing drainage system are not 
exceeded or further exceeded. The two definitions provided above are a means of 
ensuring that this aim is met through the imposition of a system with predetermined 
limits to address the impact of the development.
1.3 STORMWATER MANAGEMENT
In New South Wales, and particularly Sydney, there has been a concerted push to 
introduce OSD since the early 1990s for the re-development of existing properties and 
the development of vacant lots in urban catchments.
There are two schools of thought amongst stormwater management professionals in 
Sydney:
1. OSD can maintain storm runoff flows, after a watershed urbanises, to levels that 
existed before urbanisation (a view reflected by subdivision and land development 
regulations which require stormwater management facilities to limit post­
development peak flow rates to their pre-development values, Council regulations 
and codes), and
2. OSD effects are uncertain, in that the use of detention can hold back runoff flows 
from certain areas of a catchment until the peak flow arrives from upstream areas.
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This then causes increases in peak flows in downstream sections of the catchment, 
which can cause more harm than good. (Rose 1999,Water Board 1992)
Various authors have made claims that OSD is beneficial, and various authors have also 
made claims that such practice does not provide any benefit, is a waste of resources and 
may well aggravate downstream flooding problems. O’Loughlin et al (1995) embraced 
a variety of opinions on the benefits of OSD. The paper sought to define common 
ground and differences. The authors claimed that the advantages of OSD were:
• OSD prevents adverse impacts of development by restoring lost natural flood 
storage;
• It does not transfer problems downstream, as system enlargements often do. The 
system is equitable because it puts the responsibility for solving problems (and the 
cost burden) onto the developer, who benefits from the development. Problems are 
resolved at their source as they occur, and solutions are not postponed;
• Simple and effective rules can be developed from rigorous modelling studies;
• OSD provides a basis for water quality control; and
• Increasing acceptance of OSD is occurring among all parties involved in it.
The authors claimed that the disadvantages were:
• Regulations are often unfair, and criteria and design methods are usually too 
simplistic;
• Under some hydrological conditions, storages located in the lower parts of 
catchments can increase flowrates downstream due to delayed hydrographs;
• Maintenance is a major problem, and OSD places a large administrative burden on 
councils and a possibly onerous duty on property owners;
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• OSD provides little scope for stormwater pollution reduction, specially for dissolved 
pollutants, and those attached to fine sediment particles; and
• Basically, OSD is uneconomic, with costs to all parties exceeding benefits. An 
efficient policy of levying contributions from developers and pooling these to 
finance strategic drainage system expansions is more cost-effective.
O’Loughlin et al (1995) made a statement that has not been contradicted since:
“The rapid adoption of OSD was caused by planning actions as much as by engineering
judgements.......  The New South Wales State government has supported policies of
urban consolidation. In 1992, after urging councils to permit denser developments, it 
altered planning policies, removing many powers of councils to reject high-density or 
dual-occupancy developments...
Municipal councils have legal powers to impose OSD requirements, which can be 
incorporated into development approvals and covenants governing the ongoing use of
property.......  To protect drainage systems and downstream residents, and to avoid
possible legal actions, the majority of councils have applied OSD regulations, making 
developers responsible for managing and moderating stormwater runoff. The result is 
that the application of OSD is now more widespread in Sydney than any other region of 
Australia.... ”
Bewsher and Still (1999) stated that OSD has an uncertain future. Some of the risks 
identified are:
a. a legal challenge: a court which is made aware of the poor performance of OSD 
systems to date, may well consider that OSD will not guarantee adequate 
protection to the downstream environment,
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b. a large flood: public opinion on the effectiveness of OSD could quickly change 
after a large flood. Even though OSD is not designed to combat such events and 
solve existing flooding problems, the negative publicity may result in changes to 
policy.
Point b can be further expanded on with the following statement from the Water Board 
in 1992:
“it is considered that the control of the peak flows emanating from a development site 
should only be required where an increase in flows would:
• cause significant additional damage during flood events
• cause significantly increased risk to life and limb.
In some cases where the development is in the lower portion of the catchment, an 
equally effective treatment may be to provide no on-site detention and to upgrade the 
piped drainage system between the development and the main stream”.
The above points indicate the divide in the professional community regarding the 
“benefits” of OSD systems. Various studies contradict the findings of others as to the 
effectiveness of implementing OSD. There has also been action by various consultants 
to have blanket policies reviewed by councils. These points are further discussed in 
Chapter 2 of this study.
1.4 AIM
As stated above in Section 1.3, there are two schools of thought on the effectiveness and 
impact of on-site stormwater detention basins. This study:
• Investigates the impact and effectiveness of such systems;
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• Investigates and reviews current trends and policies for the use of OSD; and
• Presents and summarises the cases for and against the use of OSD.
The aim of this study is:
• review current practice for OSD in Australia;
• to analyse the impacts of OSD basins on stormwater management;
• analyse the sensitivity of applying OSD with respect to scaling of models;
• compare the use of normal discharge control versus the use of high-early discharge 
control for OSD;
• compare the effectiveness of OSD basins with larger, regional type basins that serve 
a number of residential allotments in a community; and
• investigate the impacts of imposing OSD in real catchments, including downstream 
effects.
These aspects have been investigated in this thesis by a survey of current practice and
by computer modelling of the effects of OSD.
1.5 STUDY STRUCTURE
In undertaking this study, the presentation of information has been structured to address 
the aims of the study and also to present findings in relation to four major points:
1. Review of Councils’ policy on OSD in order to determine current practice and 
policy;
2. Analysis of sensitivity of modelling with respect to scaling of catchments;
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3. Analysis of sensitivity of modelling with respect to lumping of sub-catchments 
within real catchments
4. Application of OSD to real catchments.
The adopted structure is as follows:
• Literature Review (Chapter 2), which covers the following areas of stormwater 
management:
• Downstream effects,
• The effects of urbanisation,
• On-site detention,
• Major detention basins,
• Estimating of floods,
• Design of basins, and
• Stormwater management.
• Council OSD survey (Chapter 3), incorporating results from surveys of councils 
across Australia of OSD policy and use to determine:
• Whether OSD was applied or being considered,
• Whether the application was based on site, catchment or other criteria,
• The objective of the policy, and
• The number of basins implemented in the local government area.
Chapters 2 and 3 serve to address the first point -  the review of current practice and 
policy for on-site detention. Chapter 3 is devoted totally to Council policy and practice.
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• On-site detention examples in Sydney (Chapter 4)
• On-site detention as pits, tanks and gardens, and
• Innovative examples.
• Model details (Chapter 5)
• Watershed Bounded Network Model (WBNM), and
• DRAINS -  a simulation model incorporating the ILS AX hydrological 
model.
• Methodology (Chapter 6)
• Catchment data and descriptions,
• Model formulation,
• Existing and maximum developed conditions,
• On-site detention storage,
• Height-storage relationship,
• High early discharge, and
• Single lot and scaling.
• Scaling results (Chapter 7), which investigated three scenarios for on-site detention 
using single sub-catchments:
• Reducing maximum developed to existing conditions,
• Reducing maximum developed by a fixed percentage, and
• Reducing 100 year peak flows for developed conditions to 100 year peak 
flows and 5 year peak flows for existing conditions.
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• Scaling results with high early discharge (Chapter 8)
• Sized outlet for high early discharge, and
• Comparison of high early discharge control basin size to basin size for 
normal discharge control.
Chapters 7 and 8 serve to address the second point -  the analysis of sensitivity of 
modelling with respect to scaling of catchments.
• Branched network (Chapter 9)
• Sub-catchment of Fairy Creek modelled as a branched network with OSD, 
and
• Normal and high early discharge control used.
• Series network (Chapter 10)
• Sub-catchment of Fairy Creek modelled as a series network with OSD
• Normal and high early discharge control used
Chapters 9 and 10 serve to address the third point -  the analysis of sensitivity modelling 
with respect to lumping of sub-catchments within real catchments.
• Large basins (Chapter 11)
• Branched network with large basin
• Linear network with large basin
• Fairy Creek Catchment (Chapter 12)
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• Normal discharge control OSD applied,
• High early discharge control OSD, and
• Comparison of above
• South East Wollongong Catchment (Chapter 13)
• Normal discharge control OSD applied,
• High early discharge control OSD, and
• Comparison of above
• Hospital Hill Catchment (Chapter 14)
• Normal discharge control OSD applied,
• High early discharge control OSD, and
• Comparison of above
Chapters 12, 13 and 14 address the last point -  the application of OSD to real 
catchments.
• Conclusions (Chapter 15)
• Impact of OSD on downstream catchments
• Normal discharge control versus high early discharge
• OSD versus large basins
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LITERATURE REVIEW
2.1 INTRODUCTION
This chapter investigates current methods adopted by practitioners, both in Australia and 
elsewhere in the world, where detention basins, and specifically OSD basins, are used as 
a component of stormwater management.
This chapter is divided into a review of the following areas:
• Downstream effects of detention storage,
• The effects of urbanisation,
• On site detention,
• Major detention basins,
• Estimating of floods,
• Design of basins, and
• General Stormwater management.
Each of the above components of stormwater management is discussed further along 
with a summary of relevant research in the following sections of this chapter.
This chapter concludes with a summary of Australian recommended practice.
2.2 DOWNSTREAM EFFECTS OF DETENTION STORAGE
Laurenson (1973) states that the construction of a storage reservoir (such as a dam) on 
a river generally reduces the magnitude of the flood by any given frequency at any
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downstream point. The percentage reduction is greatest for the smaller, more frequent 
floods and least for the larger, less frequent floods.
The reduction in the flood frequency curve due to the storage reservoir is greatest 
immediately downstream of the dam and progressively diminishes at points further 
downstream. This occurs for 3 main reasons:
1. the progressive increase of the uncontrolled catchment area as more and more 
tributary streams enter the main stream
2. channel storage and concentrated storage effects, which attenuate the sharper peaks 
of pre-dam floods more than the broader, flatter peaks of post-dam floods
3. effluent streams which cause diversions only above a certain threshold discharge and 
thus divert a greater proportion of the higher peaked pre-dam floods than of the 
lower peaked post-dam floods.
In order to determine the effects of dams on flood frequency, Laurenson investigated 
pre-dam and post-dam flood frequency curves at several points from dams downstream 
to where the difference is negligible. This study incorporated structures along the 
following rivers:
Macquarie River, New South Wales,
Namoi River, New South Wales, and 
Gwydir River, New South Wales.
Laurenson concluded that the modification of the dam site frequency curve by the dam 
itself must first be determined. The techniques for modifying the pre-dam and post-dam 
frequency curves to allow for tributary streams, channel or concentrated storage or
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effluent streams are then applied in whatever order and as often as is appropriate to 
determine the curves at points progressively further downstream of the dam. The 
technique presented provides a complete picture of the change in flooding 
characteristics due to the construction of a dam.
Hughto and Harley (1981) undertook a study to determine the best means of 
minimising the adverse water resource effects that could result from the development of 
an undeveloped tract of land into an open space housing complex. Two primary areas 
of concern were studied:
• stormwater quantity
• stormwater quality runoff
The site of the proposed community has an area of 433 ha and occupies a position at the 
headwaters of the Pasaic River and Raritan River watersheds in the United States of 
America. Steep slopes and relatively impermeable soils result in high rates of runoff 
during intense individual storms. On an annual basis approximately 45% of the total 
precipitation over the site becomes surface runoff under existing conditions.
The developed site will include detention basins in order to comply with local 
stormwater control regulations. These regulations require that the peak runoff rate after 
development be no more than before development during storms of frequency 
equivalent to the 100 year, 24 hour event.
One of the potential impacts of development of the property is the increase in runoff and 
a resultant increase in downstream flooding. To assess this impact and assess the
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effectiveness of any controls proposed to minimise these, a mathematical model of the 
runoff process was employed.
The MIT Catchment Model was used in this study to compute storm runoff from rainfall 
over all sub-watersheds on the site. The local stormwater control ordinances require 
that the peak rate of discharge after development be no greater than the peak before 
development for a 100 year, 24 hour storm. The ordinances restrict flow rates at each 
point where a stream leaves the site.
The authors simulated various stormwater control scenarios before recommending a 
strategy. Their recommendations were that detention pond controls be placed at all 
practical locations where runoff will be discharged from the site. Fourteen basins were 
required to limit runoff to pre-developed conditions and these basins varied in volume 
from 1200m3 to 18500m3.
The modelling results indicated that the application of these basins resulted in a 
restriction in peak discharge to a level equivalent to pre-developed conditions.
The storm runoff management plan also proposes to use these detention ponds to 
remove a portion of the pollutants contained in the runoff. The authors concluded that 
the peak runoff rates would be limited to existing values.
Lakatos and Kropp (1982) discuss the effect that the indiscriminate use of stormwater 
detention basins may have on catchments. The authors state that such practices may be
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ineffective for controlling storm flows and, worse, produce adverse impacts in 
downstream sections of the watershed.
The authors highlight the two schools of thought amongst professionals:
1. On site detention can maintain storm runoff flows, after a watershed urbanises, to 
levels that existed before urbanisation (a view reflected by subdivision and land 
development regulations which require stormwater management facilities to limit 
post-development peak flow rates to their pre-development values)
2. On site detention effects are uncertain, in that the use of detention can hold back 
runoff flows from certain areas of a catchment until the peak flow arrives from 
upstream areas. This then causes increases in peak flows in downstream sections of 
the catchment, which can cause more harm than good.
The urbanisation of a catchment leads to a decrease in the natural storage and can lead 
to a significant change to the "timing characteristics" of runoff from the area. 
Stormwater management planning is an attempt to control storm runoff impacts by 
providing "man made storage" to offset the loss of "natural storage". However, whilst a 
volume of storage is provided that is approximately equal to the natural storage lost 
through development, the "timing characteristics" of the runoff and storage release are 
very different to those which existed in the "natural" or pre-developed state.
For man-made storage, at the point in the runoff event when the peak post-development 
flows are reaching the detention basin, these peak post-development flows may then be 
passed directly through the basin and on to downstream areas, thereby negating the 
positive effects for runoff control that can be provided by using detention basins.
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One solution often used by stormwater management professionals is to oversize the 
storage basin to help compensate for the fact that some of the required storage is taken 
up by flows arising from the changed timing characteristics of the catchment which 
occur whilst the hydrograph is still rising. An unfortunate result of this solution is that 
an amount of detention storage is provided which is clearly in excess of that which is 
required. An additional impact of urbanisation is the increase in volume of direct runoff 
due to land development. This leads to an extension in time of the peak outflow rate 
from a detention basin and an increase in the duration of "bank full" flows, which can 
lead to excessive stream bank erosion.
In addition, the increase in duration of peak flow rates for downstream drainageways 
can also lead to another important and critical storm runoff impact. For post­
development flows, a detention basin may alter the timing of peak runoff such that it 
coincides with the peak flows from another branch. This may cause critical flooding 
conditions at the point of confluence, which is not likely to have been the case in pre­
development conditions. This results in a harmful downstream impact.
The authors raised the questions:
1. "Are detention basins effectively meeting the intents of stormwater management for 
an area?"
2. "Are criteria that relate to individual on-site stormwater runoff controls really 
effective in eliminating impacts that occur at areas further downstream from the 
site?"
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The criteria of effectiveness for stormwater management must clearly consider overall 
watershed impacts before the stormwater management policy can be considered to be 
effective.
The authors studied the potential downstream impacts of the random location of 
detention basins using the Penn State Runoff Model. The primary objective of this 
study was to identify the timing characteristics of storm runoff throughout the watershed 
and develop a stormwater management system that would function in response to the 
timing of runoff combinations from various sub-areas.
The authors concluded from their simulation that:
• on-site detention of runoff, while possibly being an effective means of runoff control 
for an individual site, may cause an increase in the watershed peak runoff rate that is 
directed toward downstream properties
• simulation modelling of an entire watershed, using a model that identifies the timing 
of peak flows throughout the watershed, is a very effective approach for siting a 
comprehensive system of detention facilities for a watershed.
O’Loughlin (1989) outlines areas of confusion with detention and criticises some 
incorrect, but widely held, views. The author also suggests ways of specifying clear 
objectives and policies, and developing workable sets of procedures.
O’Loughlin states that established prejudices and outdated methods are causing 
confusion and impeding the development of an effective management system for on-site
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detention. The established ideas that the author challenges and the solutions offered are 
summarised below:
Established idea O’Loughlin’s Resolution
Once designed and built a stormwater 
drainage system is complete and 
adequate, and will not be subject to major 
change for many years
As much as possible, drainage works 
should be designed and built allowing for  
the possibility o f  future change and the 
problems o f ongoing maintenance.
Adequate design and analysis can be 
carried out by the Rational Method or by 
procedures based upon it
The Rational method does not simulate 
system behaviour in any consistent way. 
It is unsuitable for analysis o f  existing 
systems.
Computer procedures are too expensive, 
too complicated and unproven
Models can be implemented easily and 
cheaply. Once it is familiar to a user, a 
computer model o f stormwater drainage 
design will be easier to use and more 
flexible than current versions o f the 
Rational method.
Drainage calculations are of little use 
once a system is built, or an analysis is 
made
All calculations should be retained, they 
are valuable for future analyses.
A drainage system can be designed or 
analysed at a single level of operation, 
such as a 5 year average recurrence 
interval
Australian Rainfall and Runoff promotes 
the assessment o f drainage systems at 
multiple levels o f  operation.
O’Loughlin states that in order to avoid confusion and waste, persons and organisations 
implementing on-site detention schemes should be clear about goals, policies and 
methods. Some established ideas such as the permanence of drainage systems and the 
suitability of the rational method need to be challenged. For success, procedures should 
be implemented in a planned way, with special provision for communication and 
enlistment of public support.
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O’Loughlin recommends that a computer simulation model should be used as the basis 
for assessment of hydrological effects.
Boyd (1993) undertook an analysis of various case studies that modelled real
catchments in order to determine whether they support or oppose the use of detention
storage to reduce flooding. The question that the author was addressing was "Do they
adversely effect catchment flooding further downstream of the storage?" Boyd
undertook an analysis of the following papers:
Regional Detention Storage:
Lumb et al (1974)
Smiley and Haan (1976)
Curtis and McCuen (1977)
Mein and Woodhouse (1977)
McCuen (1979)
Amandes and Bedient (1980)
Smith and Bedient (1980)
Dura (1981)
Nicolson and Trottner (1981)
Lakatos and Kropp (1982)
James et al (1985)
Fricke et al (1987)
Hampson et al (1987)
From analysing the above papers for regional detention storage, on site detention and
where a sub catchment was urbanised and detention storage was specifically designed to
reduce peaks at the sub-catchment outlet back to the natural flow, Boyd concluded that:
"it appears unlikely that detention storage will have a dramatically adverse effect
on downstream flooding. In designing detention storage, the engineer has an
obligation to ensure that no adverse effects occur. This may require that the total
catchment be examined as well as effects specific to the site. Based on this
review, the task can be approached with some confidence that the effects will be
beneficial."
On-site Detention Storage: 
McCuen (1974) 
O'Loughlin (1989)
Ogle (1991)
Lees and Lynch (1992) 
Wong et al (1992)
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Summary o f 2.2: Downstream effects o f detention storage
The above papers on the downstream effects of applying detention storage indicates that 
the best means of ensuring that the adverse downstream effects of urbanisation are 
minimised is to implement detention storage at all practical locations where runoff from 
the site could be discharged.
The indiscriminate use and application of detention storage within a catchment may be 
ineffective. Such application of detention storage has resulted, in some instances, in an 
increase in peak runoff downstream of the catchment.
The planned application of detention storage within a catchment is extremely unlikely to 
result in adverse effects on downstream flooding. An added means to ensure that 
downstream flooding does not occur is to consider the total catchment as well as effects 
specific to the site being analysed.
The majority of studies on the downstream effects of the application of detention storage 
indicate that there is a benefit to a catchment from applying storage.
2.3 THE EFFECTS OF URBANISATION
Wooldrige (1981) studied the introduction of additional storage deliberately into storm 
drainage systems in order to attenuate the rainfall hyetograph. Two simple theoretical 
catchments of differing shape and of the same total area were used to study the effects of 
different degrees of urban development on storage volumes. The two catchment types 
were grouped and linear. The grouped catchment had three branches feeding discharge
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to a single outlet whereas the linear catchment had one branch discharging to the outlet. 
These theoretical catchments were tested and compared for three different locations in 
Great Britain:
• Stevenage, in south east England
• Camborne, in south west England, and
• Banockbum, in central southern Scotland
in order to determine the impact on storage volume for different climatic zones.
The TRRL hydrograph method was used to model stormwater flows and the author 
noted that it was a flexible and convenient program. The model was first run without 
storage tanks for fully developed and three partially developed catchment conditions.
Storage to each of the catchments was applied as either on-line tanks -  where the 
storage is part of the pipe system, or as off-line tanks -  where the storage is separated 
from the pipe system.
Each of the theoretical catchments had the percentage of impervious area increased by 
9.1%, 33.3% and 50% and the model was run to provide results for both the grouped 
and linear catchments for the three different rainfall zones.
Wooldrige found that for any degree of catchment development, the distribution of 
development within the catchment had only a second order effect on the peak discharge.
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As can be expected, the required storage volume increased with the percentage increase 
of development. The storage volume per hectare of development also increased as the 
degree of development increased.
The storage volume required for on-line tanks were significantly higher (about 70%) 
than the volumes required for off-line tanks.
Although the total storage volume required increased with the increase in the percentage 
of developed area, the unit storage volume (storage volume per impervious hectare) did 
not necessarily increase with the degree of development.
The author noted that the storage volume required was also dependent upon the shape of 
the catchment draining into the tank.
Table 2.1 Computed storage volumes
R ain fall
R egim e
Percentage 
Increase in 
Im pervious 
A rea
Off-line tanks On-line tanks
Linear Catchment Grouped Catchment Linear Catchment Grouped Catchment
Critical Storage 
Storm Volum e 
D ur’n
• 3
mm m
U nit
Storage
V olum e
m3/ha
Critical Storage Unit 
Storm volum e Storage 
D ur’n Volum e 
m in m 3 m 3/ha
Critical Storage 
Storm  Volum e 
D u r’n
• 3
m in m
U nit
Storage
V olum e
m 3/ha
C ritica l Storage 
Storm  Volum e 
D u r’n
• 3
m m  m
Unit
storage
volume
m3/ha
Stevenage 50 57 160 40 40 193 48 59 271 68 55 294 73
33.3 52 120 40 39 133 44 55 216 72 44 219 73
9.1 50 36 36 35 39 39 52 72 72 35 82 82
Cam borne 50 77 148 37 57 168 42
33.3 75 107 36 54 120 40
9.1 70 31 31 55 34 34
B annockburn 50 90-80 135 34 57 146 36 85 201 50 69 215 54
33.3 85-75 96 32 54 104 35 85 163 54 56 162 54
9.1 80-70 25 25 45 29 29 60 41 41 47 49 49
Note: 1) The above results for off-line tanks are for a discharge into storage
Commencing at 0.75x the permitted peak downstream discharge 
2) Unit storage volume is the storage volume per impervious hectare of development
Argue (1986), in a paper dealing with urban development, states that urban 
development in a natural catchment removes significant areas of land and vegetation
Page 2.12
Chapter 2: Literature Review
which once absorbed incident rainfall and impeded its movement through the 
catchment. Argue notes that this vegetated area is often replaced by impervious surfaces 
interconnected by formal networks of man-made surface and underground drainage 
lines. This practice results in increased flood peak flows and increased volumes of 
surface runoff within the catchment area itself.
Urban drainage design practice of the past has tended to concentrate on a perceived need 
to remove runoff as completely and as quickly as possible. This resulted in networks of 
smooth, interconnected collector channels within developed catchments, and large, lined 
channels downstream.
There has been a questioning of the 'remove runoff philosophy recently, and leading 
practitioners and local government authorities now advocate an approach to urban 
drainage practice which can be described as a 'hold the water where it falls philosophy'. 
Every opportunity to retain storm runoff and delay its movement from the catchment is 
explored in harmony with acceptable levels of flood security.
The broad aims of this approach are:
1. to retain within the catchment as much storm runoff as can be tolerated
2. to so manage stormwater excess flows within the catchment that minor floods are 
fully controlled and the effects of major and rare floods mitigated, and
3. to regulate outflow from the catchment to levels which approximate those of its pre­
developed state.
The measures which can be employed to achieve these aims are:
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Retention which refers to procedures where stormwater is held for 
considerable periods causing water to continue in the 
hydrologic cycle via infiltration, percolation, évapo­
transpiration
Detention which refers to holding of runoff for short time periods to 
reduce peak flow rates and then later releasing it into 
natural or artificial watercourses to continue in the 
hydrologic cycle
Retardation which is achieved when flows pass along a channel of low 
hydraulic efficiency
Detention measures include the following:
• roof storage,
• rainwater tanks,
• microponding,
• off-line storage, and
• macroponding.
The various measures available may be implemented to partly compensate for the 
impact of development on natural environments. The measures should complement a 
purposeful strategy which seeks to minimise urban disturbance of such places.
Argue recommends the following for suitable locations:
1. swales in place of concrete kerb and gutter in residential streets
2. retention sumps and wells where soil conductivity, Kh, is greater than 5* 10'5m/s 
(fine sands)
3. on-site retention/overflow wells where soil conductivity, Kh, is between 5* 10'8m/s 
and 3*10'6m/s (clean sands to very fine sands).
With these components installed, Argue found that peak flows of 30-40% less than 
those generated in conventional layouts can be expected with corresponding cost
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reductions. The design objective, however, should be to maintain uniform soil moisture 
states below and around buildings on expansive soils.
When urban development occurs, the ordered system of drainage lines present in the 
landscape uplands is replaced by a system of allotment drains, roadside channels, inlets 
and underground pipes. Though outwardly different from the natural catchment 
drainage network, the formal paths of the developed landscape display a structure which 
is similar to that of the drainage system they have replaced.
Detailed planning and design of a scheme to control and/or mitigate the effects of 
flooding in an urbanised catchment can only proceed from a database which includes 
information on the following:
1. Catchment 'Natural Drainage Direction'
2. 'Runoff Disposal Point'
3. Catchment 'Boundary' or watershed
4. Internal Node Points'
5. 'Drainage Network'
6. Catchment 'Sub-Areas'
What also needs to be taken into account is the impact of man-made components of the 
built environment which interrupt the movement of runoff over the natural terrain 
forcing runoff elements to follow point-to-point loci other than those of steepest 
topographic grade.
Zarriello (1999) investigated the effects of future development in the Ninemile Creek 
Basin, Onondaga County, New York.
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The Town of Camillus, a suburb of Syracuse, New York, like many suburban 
communities, has undergone recent growth and is expecting continued residential and 
commercial development. Concern over the hydrologic effects of future development 
has prompted efforts to assess the likelihood that:
(1) flooding of Ninemile Creek in parts of Camillus will increase as the amount of 
pervious surface area available for infiltration decreases, and
(2) the use of stormwater detention basins to mitigate flooding could worsen flooding 
whenever the peak outflow from a basin coincides with the peak discharge in the 
receiving stream, thereby producing a larger peak discharge than would occur 
otherwise.
The annual maximum peak discharge in this area typically results from combined 
rainfall and snowmelt. For example, rain and snowmelt in January 1996 produced one 
of the highest recorded peak flows (72 m /s) on Ninemile Creek at Camillus. This 
discharge occurs on average once every 15 years. This storm also produced the highest 
mean daily discharge recorded at the Camillus stream gauging station (48 m /s) since 
the station began operation in 1958. The simulated values for this 3-day storm (January 
18-20, 1996) were within 3 percent of the observed peak discharge and within 10 
percent of the runoff volume.
Possible future development in the Ninemile Creek watershed was represented in the 
model in two ways:
(1) as an "open/residential" area that simulates runoff from mixed pervious and 
impervious areas that drain to pervious areas, or
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(2) as an impervious area that drains directly to stream channels.
Under present-day conditions, about 7 percent of the modelled area is developed, about 
0.4 percent of which is impervious land that drains directly to stream channels. An 
additional 60 percent of the modelled area is developable (referred to as "100-percent 
buildup" herein). Under this condition about 7 percent of the model area is 
considered impervious. The simulations of potential development reflects current land­
use zoning restrictions and represents only the areas that are suitable for development; 
for example, steep slopes and wetlands were excluded.
The simulated effects of development were most pronounced in the summer, when soil- 
water storage is low, and infiltration occurs readily in pervious areas. Precipitation 
during other times of the year, when soil-water storage is near capacity (because évapo­
transpiration is low), does not infiltrate and produces mostly surface flow; thus, the 
effects of increased impervious-surface area are smaller during 
these seasons than in the summer. Increases in peak discharge from large storms were 
also less than the increases resulting from small storms because large storms deplete 
soil-water storage and produce mostly surface flow.
The author found that the increase in peak discharge was about the same for storms of 
all magnitudes. Thus, the relative effect of increased urbanization diminishes with 
increasing peak discharge. Analyses of peak discharges for the 1989-96 water years 
indicate that, under 100-percent buildup as impervious land, stormflows that now occur 
on average once every 2 years will occur once every 1.5 years, and stormflows that now 
occur on average once every 5 years will occur once every 3.3 years. Future
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development is not expected to cause significant increases in flooding along Ninemile 
Creek during large-magnitude storms but is expected to increase the frequency and 
magnitude of flows resulting from small storms. These simulations also indicated a 
slight decrease in discharge of 3-day low flows.
Stormwater-detention basins are commonly used in developing areas to attenuate peak 
discharges and to control nonpoint-source pollutants. The predicted effects of a 
detention basin depend on:
(1) the storage-to-discharge characteristics,
(2) the inflow magnitude relative to available storage, and
(3) outflow magnitude relative to flow in the receiving stream.
Model simulation of the effect of a basin serving a hypothetical 59 ha moderate-density 
development adjacent to Ninemile Creek at Camillus indicate that, the basin outflow 
would exceed the uncontrolled flow that would occur if the basin were absent for a 
period after the peak discharge in Ninemile Creek. During this period, the difference 
between the detention-basin outflow and uncontrolled flow is less than 1 percent relative 
to flow in Ninemile Creek at Camillus. Simulation results for a hypothetical detention 
basin with half the original storage capacity indicated that the difference between basin 
outflow and uncontrolled flow would be about twice as large as with the full-size basin. 
Additionally, the maximum difference between basin outflow and uncontrolled runoff 
would occur closer to the time of peak discharge in Ninemile Creek. As a result, the 
smaller basin would contribute about 2 percent more flow to Ninemile Creek at 
Camillus near the time of the peak than would uncontrolled runoff from the 
development. Although the increases in peak discharge that would result from the
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coincidence of peak basin outflow with the peak flow in Ninemile Creek are small, the 
increases in peak discharge could be cumulative as new development increase and 
stormwater controls are added.
Many parts of the watershed that are expected to undergo development drain to streams 
that are tributary’s to Ninemile Creek; channel storage along these tributaries, 
particularly those with extensive wetlands, will decrease and delay peak discharge. 
Simulations of a detention basin that drains to a tributary, rather than directly to 
Ninemile Creek, indicated no increase in peak discharge at Camillus under any flow 
conditions. The peak outflow from the detention basin occurred long enough after the 
peak discharge in the tributary that the peak flows in Ninemile Creek for storms of all 
magnitudes were decreased.
Runoff from the simulated development, which drains to a tributary, would significantly 
increase the peak discharge in the tributary in the absence of a detention basin. The 
simulated peak discharge in a tributary for a 2-year storm was more than twice the peak 
discharge under current (undeveloped) conditions, and the simulated peak from a 100- 
year storm was about a third larger. Adding a detention basin decreased the peak 
discharge of the tributary to about the same as that under pre-development conditions.
Summary of Section 2.3: The effects o f urbanisation
The above papers on the effects of urbanisation of catchments indicate that the 
distribution of development within a catchment has a secondary impact on peak 
discharge. Other factors such as the scale of development have a greater impact on peak 
discharge from a catchment. The papers reviewed also indicate that the relative effect or
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impact of increased urbanisation diminishes with increasing peak discharge from the 
catchment.
In the natural state of a catchment, vegetation absorbs some rainfall and impedes 
stormwater runoff flows and these are important in determining catchment reaction to 
rainfall before development occurrs. It is important to take into consideration the effects 
of urbanisation on a catchment and how a catchment performs for existing conditions.
The required storage volume for a catchment is partly dependent on the catchment 
shape. This is due to the shape of a catchment determining its response to a storm event 
in terms of timing for flows to reach the catchment outlet from all areas of the 
catchment.
The literature review also indicates that off line storages require less storage volume 
than on line storage which form part of the piped drainage system. This is an important 
consideration in enabling reductions in peak flow to be achieved with less storage 
volume requirements.
The papers reviewed also indicated that detention and retention measures and means of 
slowing runoff from a catchment can result in a 30-40% reduction in peak flows from a 
catchment.
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2.4 ON-SITE DETENTION
Dura (1981) undertook a detailed hydrologic investigation of an urbanising catchment 
in order to study the effects of on-site detention as a stormwater management measure, 
particularly how these effects are governed by the physical features of the watershed.
The watershed studied was Tinkers Creek, Maryland USA. This watershed covers 
44km2, with a length of 16km. The headwaters are considerably flat, having a slope of 
1%. The slopes increase downstream to over 15%. The watershed was subdivided into 
units of generally under 2.5km2 for runoff computations. Each unit was designated as 
urban when the total impervious area was 20% or higher, and rural when lower than 
10%.
The detention basins were sized to attenuate the peak of the 10 year frequency urban 
storm hydrograph to what it would have been before development. Duru has only 
presented results for the 10 year storm.
Duru stated that OSD will increase or reduce flood peaks at any given point on the 
stream, depending on the physical features of the watershed and the relative locations of 
the stormwater management detention basins. In Duru's study, detention in the upper 
half of the catchment reduced the flood peak by 17% while detention in the lower half 
increased the peak by 25%. When detention was applied throughout the catchment the 
reduction in peak was insignificant.
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The physical characteristics of the Tinker Creek catchment cause it to behave as two 
distinct catchments and behave such that even the 100 year post development runoff 
does not pose much danger. The study shows that the introduction of detention storage 
in the upper basin or whole basin does reduce the post-development peaks, but as there 
is no significant flood threat from the uncontrolled flow, the gain in any installation of 
detention basins seems quite small. The study highlights a case, which is not unique, 
where detention is not needed in any part of the catchment to effect good water 
management. Duru highlights that only through careful hydrologic analysis can an 
intelligent decision on the use and location of detention basins be reached.
Similarly, Bewsher (1995) found that many councils in the Sydney region have had 
blanket OSD policies in place, requiring all properties in the local government area to 
have OSD if developed or redeveloped. The author found that a majority of the councils 
are reviewing their blanket OSD policies due to many areas having concerns as to:
• the effectiveness of OSD,
• whether the implementation of such systems is the best solution for the area, and
• whether such systems provide a value for money solution to potential flooding 
problems.
Bewsher found that many of the Sydney Councils have rapidly adopted the on-site 
detention concept without understanding the full ramifications of the future maintenance 
responsibilities and the future liability that the Council may incur. It is clear from 
Bewsher’s study that the best alternative may not necessarily be the use of OSD in some 
catchments. Some catchments are better suited to absorption or infiltration and others
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are low lying with existing flooding problems due to the topography of the natural 
catchment and so receive no benefit from the application of OSD.
Schilling (1982) presents an alternative to the dominating philosophy of getting rid of 
the water. Using a case study he demonstrates how inexpensive and decentralised 
devices such as cisterns or rainwater barrels can be used to reduce runoff peaks and 
stretch out hydrograph lengths.
The principle that Schilling has presented is that small detention devices be connected 
in-line with each downpipe collecting runoff from rooves, wherever possible. Since the 
outlets of the cisterns are smaller than that of the downpipes, an intermediate detention 
is obtained.
As test catchments, three housing areas in the City of Hildeshein, Germany, with sizes 
of 2.29ha, 0.65ha and 2.69ha and percentage roof area of 17%, 25% and 29% 
respectively, were selected.
By utilising cisterns a peak flow reduction of 10-20% over the whole range of rainfall 
recurrence intervals was found to be possible. The detention of the more frequent storm 
events resulted in reductions to peak runoff of greater than 80%.
The author concludes that these devices could be a simple, efficient and inexpensive 
way to reduce the costs of managing stormwater in areas experiencing urbanisation.
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Urbonas and Glidden (1982) developed a set of simplified on-site detention storage 
volume and discharge requirement equations and evaluated them for effectiveness in 
controlling peak flows along major drainageways.
'y
The computer model was based on a 20.33 square kilometre (7.85 mile ) watershed in 
the Denver, Colorado area. After three trials, the peak flow reduction trends along 
major drainageways were similar to that obtained using more rigorous methods for each 
site. The following equations give the final form of the control volume and release rate 
requirements.
Vio = (0.951- 1.90) A/1000
Vioo = (1.781 - 0.002I2 - 3.56) A/1000
Qioh = 0.24A
Qiooh = 1.0A
where:
Vio = volume needed to control a 10 year design storm in acre-feet 
Vioo = volume needed to control a 100 year design storm in acre-feet 
I = Basin imperviousness in percent 
A = Tributary basin area in acres
Qioh = average 10 year peak flow rate from undeveloped subbasins in cfs 
Qiooh = average 100 year peak flow rate from undeveloped subbasins in cfs.
Converting the above equation to SI units results in the following:
Vio = (0.951 - 1.90) 0.404A/1000
Vioo = (1.781 - 0.002I2 - 3.56) 0.404A/1000
Qioh = 0.097A
Qiooh = 0.40A
where:
Vio -  volume needed to control a 10 year design storm in cubic metres 
Vioo = volume needed to control a 100 year design storm in cubic metres 
I = Basin imperviousness in percent 
A = Tributary basin area in hectares
Qioh = average 10 year peak flow rate from undeveloped subbasins in cubic metres per 
second
Qiooh = average 100 year peak flow rate from undeveloped subbasins in cubic metres 
per second.
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The authors do not advocate or oppose on-site detention. The authors have presented 
calculated trends in peak flows along major drainageways when using different 
detention sizing techniques. The following assumptions were made by the authors:
1. the mathematical model adequately reproduces the effects of channel and reservoir 
response
2. the model is considered adequate to represent hydrologic response of watersheds in 
the Denver area
3. use of design storms is appropriate to test the relative trends of on-site detention 
effects
4. it is possible, within reason, to extrapolate the results to larger basins
Balmforth and Bailey (1985) undertook a study to investigate the feasibility of storing 
run-off in small purpose built storage tanks connected to individual rainwater pipes.
To be acceptable to householders, tanks should not be so large as to be visually 
obtrusive. Concurrently, sufficient storage volume must be allowed for the tanks to be 
effective. A total tank volume of 300-500 litres was used for the pilot study. The 
effective storage volume was 340 litres. An orifice of 10mm diameter was found to 
fully utilise the storage volume for the 15 minute duration storm (2 year return period) 
whilst reducing the outflow to a maximum of 0.17L/s. The 30 minute and 60 minute 
storms caused a slight overflow, which was considered to be acceptable.
To assess the potential of installing tanks on an area basis, their effect was simulated 
using a specially modified version of the Wallingford Hydrograph Method. This 
method uses a non-linear reservoir model to simulate the overland phase of urban run-
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off. To simulate the effects of roof run-off storage tanks, the standard hydrograph 
representing roof run-off was routed through a second non-linear reservoir. It was 
assumed that one storage tank would be provided for every 50m2 of roof area.
Data from a typical modem housing estate was used to test the effects of installing tanks 
on an area basis. The total contributing area of 12 hectares is drained on the separate 
system with 46 surface water sewer pipes, having a time of concentration of 7.8 
minutes. The program calculated the percentage runoff to be 19.3%.
The following table shows the peak discharge and runoff volume at the outfall for the 2 
year return period for 3 conditions:
• no tanks
• all rainwater pipes fitted with tanks
• all rainwater pipes disconnected, allowing overland flow
Table 2.2 Effect of Installing Tanks for 2 Year Return Period
Conditions Duration (minutes) Peak Outflow 
(m3/s)
Runoff Volume 
(m3)*
Original Sewer 15 0.494 210
System 30 0.442 272
No Tanks 60 0.332 340
Tanks fitted to all 15 0.314 209
Property 30 0.288 259
60 0.226 267
All rainwater pipes 15 0.231 101
Disconnected 30 0.207 130
60 0.157 162
* Volume in first one hour of runoff through outfall pipe.
“Tanks fitted to all property” reduced the peak discharge by 37%, 35% and 32% for the 
15, 30 and 60 minute duration. “All rainwater pipes disconnected” gave a reduction of 
53% in the peak discharge and 52% reduction in the runoff volume.
Page 2.26
Chapter 2: Literature Review
The authors concluded that small volume storage tanks connected to individual 
rainwater pipes are an extremely cost-effective means of reducing peak discharges of 
runoff. Although complete disconnection of rainwater pipes from the system can lead to 
even greater reductions in peak discharge, the authors did not believe that this would 
generally be acceptable, especially for areas with impervious soils.
Phillips (1987) states that due to the rapidly increasing rate of redevelopment of inner 
urban areas of Melbourne, municipal councils are now adopting on-site stormwater 
detention as a viable, cost-effective and complementary addition to existing urban 
stormwater management practices.
When adopted, developers are required to restrict discharges to that for which the main 
drain was originally designed to accept from the site during the design storm.
The author presents a rational and comprehensive design approach applicable to both 
above and below ground storages together with practical methods of design 
implementation.
Redevelopment usually occurs in older urban areas where the drainage system has been 
designed for the low runoff that occurred for smaller dwellings of earlier times.
The permissible site discharge is set at the option of council but is usually based on that 
for which the piped drainage system was originally designed to accept from the site.
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The determination of storage capacity is obtained by maximising the area between the 
trapezoidal site runoff hydrographs and the simplified outflow hydrographs. This 
procedure is applicable to both above and below ground storage.
The following equation can be used to determine volume of on site storage.
Vs = [(Qatd)-(ts+td)x(Qpi+QP2)/2 + (Qpi x Qp2 x ts)/Qa] x 60/1000 m3 
where:
Qa = peak inflow to the storage for the design storm (L/s)
Qpi = peak permitted controlled outflow to the main drain (L/s)
Qp2 = outflow to main drain as above-ground storage commences or capacity of 
outflow pipe flowing just full for below-ground storage (L/s) 
ts = time of concentration of site (minutes) 
td = duration of critical storm (minutes)
Vs = volume of on-site storage to be provided (m )
This equation can be used as an alternative to the graphical method by using a range of 
storm durations "td", calculating the values of "Qa" by the Rational Formula, substituting 
them into the above equation and calculating the corresponding values of Vs. The 
maximum value so calculated is the design storage capacity and the corresponding value 
of td is the critical storm duration.
It should be noted that this provides the greatest peak inflow to the storage but not the 
greatest volume of site runoff, so that the storage does not quite fill and the permissible 
discharge Qpi is not quite achieved.
It can be proven that the time to fill an above-ground storage is: 
tf = td + ts -  ts x(Qpi+Qp2) (minutes) 
and the time to empty is
te = [Vs + (Qpi)2/(2xQa)x ts x 60/1000] x[ 2/(Qpi+QP2)] x 1000/60 (minutes)
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so that the period of storage 
P s  =  t f + t e
Phillips demonstrated that this is quite short and that the frequency of occurrence for any 
above-ground storage is 2 to 3 times annually.
Phillips concluded that:
1. on-site stormwater detention is a cost-effective alternative to main drain enlargement
2. the resulting storages are small, economic and maintenance free, operating 
infrequently for short periods of time.
Boenisch and Ogle (1988) produced a report for Wollongong City Council stating the 
requirements for on-site detention. The Council requires detention storage to be located 
separate from any natural watercourses and their overflow paths, and is not to be 
inundated by any events up to and including Council's adopted flood standard.
A minimum of 50% of the total site is to drain through the detention storage. An 
emergency overflow spillway or alternative is to be provided. Storage volumes required 
are to be calculated using triangular hydrographs, these being a reasonable 
approximation of inflow and outflow hydrographs. Discharge from the site routed 
through detention storage is to be connected to a piped drainage system, channel or 
drainage path.
The maximum storage volume required is the greatest required from the following three 
cases:
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a) area under the developed site hydrograph above a line drawn from the origin to the 
point on the falling limb corresponding to the maximum discharge from the site 
prior to development (Qu) for the same ARL The time of concentration for the 
hydrograph peak from the developed site is to be taken as 5 minutes,
b) the equivalent area under the hydrograph, but using peak flow (Qd) for the developed 
site hydrograph determined at the site's pre-development time of concentration (Tcu),
c) the equivalent area under the hydrograph, with the time of concentration for the 
developed site hydrograph peak being between 5 minutes and Tcu, the time being 
that which results in the greatest volume of required storage.
The maximum outflow rates are determined from the following formulae:
Submerged Pipe Outlet:
Qmax = 1.62 x (Orifice Diameter)1'87 x (head)0-63 
Weir Outlet:
Qmax = 1.7 x Weir length x (weir flow depth)15
Tomkins and Cooper (1989) studied the introduction of on-site detention and its 
effects on Ku-Ring-gai Council. The Council had introduced on-site detention in 1980. 
This was to enable Council to permit development without increasing runoff. The 
concept of OSD is now an accepted option, having been applied to 150 developments, 
with storages ranging from 7m3 to 2000m3.
The requirements for OSD are applied to the impervious areas of residential lots, 
whereas for commercial development it is the entire site. In addition, Council's
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Residential Control policy limits all development to a maximum of 60% of site 
coverage, thereby further reducing the volume to be stored on a site.
The factors considered in the formulation of Ku-Ring-gai Council's on-site detention 
policy include:
• duration of the rainfall event to be used to size the detention basin,
• probability of the rainfall event,
• the allowable site discharge for a given subcatchment,
• the degree of complexity of the calculations required by the developer to support a 
submission,
• the cost effectiveness of the policy,
• the legal acceptability of the policy, and
• secondary benefits of any detention system.
To determine allowable site discharge (ASD) for each catchment and ensure that the 
detention system did not increase the peak discharge at the outlet to the main catchment, 
several assumptions were made:
a) the Rational method will be satisfactory for determining the ASD,
b) the rainfall intensity to be used will be the average intensity for the duration that 
generates the peak discharge for the 5% event in the main catchment, and
c) the C value that is most appropriate is 0.62.
A full hydrologic study has been undertaken of Spring Gully Creek using ILS AX. 
Various OSD scenarios were modelled. The catchment area for the model was 120ha.
It was found that 36% of the catchment was paved and 64% pervious. The catchment
Page 2.31
Chapter 2: Literature Review
was divided into 42 sub-catchments. One of these sub-catchments was used to illustrate 
the effects of on-site detention on the outflow hydrograph, by increasing the paved area 
from 20 to 80% for that sub-catchment.
Without OSD the peak discharge at the outlet is increased by 1.6%. With the OSD in 
place there is a marginal reduction of 0.8%.
The authors concluded that the provision of OSD will satisfy Council's legal 
requirements that will permit development within the Council without increasing the 
runoff of stormwater to downstream properties and without the need to upgrade the 
downstream drainage systems.
Rogers (1994) states that on site detention is being applied to development sites for the 
following reasons:
• additional discharge from the developed site could cause the existing street drainage 
and trunk drainage systems to surcharge,
• the cost of upsizing the existing drainage systems is usually beyond the financial 
means of the community,
• the development usually decreases the time taken to drain the site, as well as 
increasing the proportion of impervious area, which will result in an increase in peak 
run off,
• to protect downstream and adjacent properties from flooding because of increased 
site run-off, and
• on-site detention can utilise the spare capacity inherent in the drainage system which 
is available at times other than at peak catchment discharge.
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OSD is suggested for new developments and redevelopments:
• when development will involve an increase in impervious area on the site,
• when development will cause an increase in peak site discharge,
• when the receiving drainage system cannot cope with increased run-off, and
• when the receiving drainage system is already operating at over capacity.
The author concludes by recommending an on site stormwater detention policy for
urban councils. This policy has the following key elements:
OBJECTIVE: to ensure there is no adverse impact from stormwater runoff on 
downstream property as a result o f development in the catchment.
The basis o f the policy is that peak discharges from the site shall not exceed the pre­
development values for the full range o f recurrence intervals.
On site stormwater detention shall apply to the total development site area for 
calculation purposes.
Phillips (1989) states that many councils have recognised the implications and 
consequences of subjecting existing drainage systems to high, uncontrolled stormwater 
discharges from intensive redevelopments. Some councils have introduced regulations 
which require developers to control increased discharges resulting from their 
developments, known as on-site stormwater detention. This method is rapidly gaining 
popularity as a viable, cost effective addition to conventional drainage practice. The 
method stores the additional stormwater runoff generated by the redevelopment, to be 
released at a rate compatible with the capacity of the drainage system.
The author states that the permissible site discharge (PSD) must be determined so that 
discharges from the site do not exceed the values for which the drainage system was
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originally designed. The author uses the rational method to develop PSD. The 
following simple catchment is used to develop the concept.
Figure 2.1 Model Catchment
The four sites, numbered 1 to 4, discharge to a single drainage line and are each 0.1 ha 
in area and located 30, 20 10 and 0 minutes from the catchment outlet. Each site was 
assumed to have a pre-development coefficient of runoff of 0.35 and a post­
development coefficient of 0.70 and the main drain was designed for the 1 in 5 year 
storm event. The following table illustrates the site discharges, using the Rational 
formula.
Table 2.3 Uncontrolled Discharges from 0.1 ha sites for 1 in 5 year Storms
Site 1 2 3 4
Time of concentration to site (mins) 5 10 20 30
Peak site discharge pre-development (1/s) 9.0 6.8 4.7 3.7
Peak site discharge post-development (1/s) 18.0 13.6 9.4 7.4
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Figure 2.2 Determination of PSD for Site 2
The table indicates that the sites previously discharged 9.0, 6.8, 4.7 and 3.7 1/s for 5, 10, 
20 and 30 minute storm durations. Therefore, if the discharges from sites are to be 
maintained, the outlet works of the storage at sites must mimic these releases. The 
volume of water to be stored on site increases with increasing storm duration until a 
critical storm duration is reached, after which the volume to be stored decreases.
It is not possible to design for discharges for each of the various storm durations and so 
the author states that the outlet works will be designed for the most conservative case, 
3.7 1/s for a 30 minute duration storm. For shorter duration storms, the volume will be 
less so that the discharge shall also be less than 3.7 1/s. Therefore, the use of on-site 
storages immediately reduces peak site discharges to the main drain to less than that 
which occurred prior to redevelopment.
As the drain is designed to flow just full for the 30 minute duration storm, 3.7 1/s only 
must arrive simultaneously at the outlet from Sites 1,2,3 and 4. To achieve this, Site 1
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must release 3.7 1/s at the commencement of the storm, Site 2 10 minutes after its 
commencement, Site 3 after 20 minutes and Site 4 after 30 minutes, at the cessation of 
rainfall. Using Figure2.2, the PSD for any site can now be calculated.
For site 2, the PSD is:
(PSD2-0.8PD2)/35 = (3.7-0.8PSD2)/10 
PSD2 = 4.3 1/s
Similarly, PSD3 = 4.1 1/s, PSDi = 4.8 1/s and PSD4 = 3.7 1/s.
The author states that the advantages of using this procedure to obtain PSD is that it is 
based on the same widely accepted theory as is commonly used for designing drainage 
systems. The only restriction is that, being based on the Rational formula, it should only 
be used on small urban catchments less than 25 km2.
A major drawback to the use of on-site detention on smaller sites has been the absence 
of a satisfactory device for restricting discharges to low PSD's without blockage 
occurring. The author has presented a system that is virtually tamper proof, consisting 
of 90mm diameter PVC pipe which runs from a series of pits, under a paved area. If the 
flow exceeds 0.8PSD, then excess water flows up from the pit and onto the paved area, 
forming a shallow sheet. The system has been field tested for a PSD as low as 3 1/s.
Boenisch and Ogle (1989) state that Wollongong City Council, due to the experience of 
severe flooding in 1975, developed a policy requiring that new developments provide 
OSD to overcome the problem of increased runoff. The guidelines were reviewed and 
re-released in 1988, as the previous guidelines were found to be theoretically incorrect.
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The new requirement is to limit discharge from development sites to that prior to the 
development for all storms with a 1 in 5 year Average Recurrence Interval or greater. 
The control of peak discharges for varying events requires greater control of the storage 
outlets and generally requires either multiple outlet types or more innovative 
configurations or designs. To accommodate this, no particular type of outlet is 
specified, allowing flexibility in acceptable outlet designs.
The main benefit of requiring on-site detention storage is that developments will no 
longer aggravate any existing flooding problems. From a legal aspect this is a rational 
and easily defended stormwater management philosophy. The revised method has the 
added advantage that by examining the effect of all sized storms, problems with lower 
recurrence interval events should be avoided.
As consent authorities, Councils are responsible for ensuring that developments do not 
aggravate existing flooding problems.
By using detention storage policies, the cost burden is shifted from the public authorities 
to developers who can incorporate the measures within the design for a minimal cost 
and also are responsible for the need for such storage.
The Upper Parramatta River Catchment Trust (1990) produced a discussion paper 
detailing the purpose in formulating a set of guidelines for the implementation of OSD 
policy as:
1. to produce a uniform set of development conditions that can be applied to any site in 
the catchment irrespective of the Council implementing the policy,
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2. to produce a simplified approach to OSD design that will ultimately save the 
developers and Councils time and money in design and checking,
3. to treat OSD as a Total Catchment Management (TCM) concept, and
4. to provide a stable design base such that all future flood mitigation works within the 
catchment will provide relief to the existing problem.
The Trust has chosen a 1% AEP criteria for the determination of its recommended 
permissible site discharge and associated site storage requirements. The 1% AEP peak 
discharge at the outlet of the total catchment (1044m3/s) was divided by the total 
catchment area (1 lOOOha). This gave an allowable peak discharge of 0.095m3/s/ha. 
which was reduced to 0.08m3/s/ha to account for impervious areas.
To enable the Trust to model the effects of the current Council policies on the catchment 
as a whole, the Councils with an OSD policy in place provided a detailed example of a 
development that has had OSD imposed.
The adopted average permissible site discharge (PSD) and site storage requirements
(SSR) for each of the Councils are as follows:
Holroyd Municipal Council PSD
SSR
Parramatta City Council PSD
SSR
Baulkham Hills Shire Council PSD
SSR
The Trust trialed a range of values for a PSD. 
enough such that the storage would not 'spill 
range of discharges is tabulated below.
0.150m /s/ha 
110m3/ha 
0.150m3/s/ha 
120m3/ha 
0.134m3/s/ha 
181m3/ha
The corresponding SSR was to be large 
1% AEP event of any duration. Thein a
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Table 2.4 Adopted Range of Values for OSD
PSD m3/s/ha SSR m3/ha
0.060 585
0.080 470
0.100 400
0.120 360
0.134 325
0.150 295
The authors drew three conclusions in their report:
1. if development is allowed to proceed with no OSD then the flooding problem over 
the whole of the catchment will increase. The construction of large detention basins 
as well as other flood mitigation works will not improve the current situation nearly 
as much as is needed if future development within the catchment is allowed to 
negate the benefits that these works produce,
2. the current OSD policies instituted by the Councils are effective for some storms, 
but not over the full range, in particular, the 1% AEP events, and
3. the options put forward by the Trust work over a much broader range of events.
The authors recommended the adoption of an OSD policy as follows:
1. Undeveloped site with an existing % impervious <= 5; adopt 
PSD <= 0.06m3/s/ha and SSR >= 585 m3/ha
2. Developed site with an existing % impervious >= 60; adopt 
PSD <= 0.08m3/s/ha and SSR >= 470 m3/ha
3. Intermediate values to be interpolated.
McPhail et al (1994) examined two design methods, a site based approach adopted by 
Wollongong City Council (WCC) and a catchment based approach by the Upper 
Parramatta River Catchment Trust. The RAFTS model is used to examine the effects of 
OSD designed by these methods on catchment wide flooding.
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The study was undertaken on the Fairy Creek Catchment, a 7.5km2 catchment 
immediately north of the Wollongong CBD. Existing land use consists mainly of single 
dwelling residential, with some commercial development, light industrial and 
recreational use. Average existing impervious area is 16%. Ultimate land use assumes 
maximum development of all zonings, and is 61% impervious.
The WCC and UPRCT methods are similar in that OSD is designed to restrict post 
development discharges to existing levels. The major difference is that the UPRCT 
method considers the total catchment, whereas the WCC approach is site based.
Because the site time of concentration is much smaller than the catchments, rainfall 
intensities and site discharges are higher, while storage volumes are lower. Post 
development discharges only have to be reduced to this higher permissible site discharge 
(PSD) and consequently a large outlet is used. OSD designed by the WCC method 
whilst restricting discharges immediately downstream of the site, may be ineffective 
further down the catchment when larger duration storms must be controlled.
A comparison of the Site Discharge Requirement (SSR) predicted by the two methods is 
shown below.
Table 2.5 Comparison of UPRCT and WCC Methods
Method PSD 1/s/ha SSR m3/ha
UPRCT 175 640
250 475
300 385
350 305
400 205
WCC 460 120
475 112
485 108
505 98
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Site based and catchment based approaches to OSD produce quite different designs.
The shorter critical duration for the site used a higher rainfall intensity, higher PSD and 
lower SSR. Storage designed in this way should be effective in restricting flooding at 
the site outlet and immediately downstream. For points further downstream the site 
based design may be ineffective because of the high PSDs released and low storage. For 
the catchment approach, it is necessary to identify the point at which flood drainage is 
occurring and to use its critical duration storm to set the PSD value with which all 
upstream storages are designed.
The authors stated that it is desirable to consider whether all Annual Exceedance 
Probability (AEP) floods be controlled by OSD, or only selected AEP's. If the flooding 
problem is local, where existing design requirements specify, say 20% AEP, then this 
could be adopted and the OSD designed accordingly. If major flooding of the heavily 
developed lower parts of the catchment is the problem, OSD could be designed for 1% 
AEP.
UPRCT (1994) details the two key components to the Upper Parramatta River 
Catchment Trust's flood mitigation effort. The first is aimed at reducing and eventually 
eliminating the present flood threat. This will involve the expenditure of more than 
$50M on projects to protect property threatened by mainstream and trunk drainage 
flooding. The second component aims to prevent the growth of the already substantial 
flooding problem as a result of more intensive development of the catchment. This is 
achieved through planning and development controls, of which OSD is the most 
important element.
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The Trust's catchment OSD policy, developed in conjunction with the four local 
councils in the catchment, namely Baulkham Hills, Blacktown, Holroyd and Parramatta, 
is the result of an extensive series of computer simulations using a detailed hydrologic 
model of the catchment. All four councils have, of late, been applying the same OSD 
policy to their portion of the catchment.
This policy aims to ensure that subsequent developments will not increase flooding or 
stormwater flows at any downstream locations, in all flood events up to and including 
the 100 year average recurrence interval (ARI) event.
Extensive modelling of the catchment was undertaken, with OSD storages represented 
as small retarding basins, for current conditions and with the catchment developed to 
different degrees, both without OSD and with OSD limiting site runoff to 60-150 1/s/ha.
Comparing post-development flood peak discharges with existing condition discharges, 
it was found that the permissible site discharge (PSD) is equivalent to 80 1/s/ha. The site 
storage requirement (SSR) was found to be 470m3/ha.
The SSR required under this OSD policy is approximately three times greater than the 
volumes required under the former council OSD policies. The former policies aimed to 
control only the 5 year or 20 year storm flows for one particular storm duration, whereas 
the catchment OSD policy deals with storms of all durations up to the 100 year ARI 
events, so it must detain greater volumes of runoff.
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The PSD corresponds to the 5 year ARI 2 hour storm duration from a fully developed 
site (calculated using the Rational Method). For longer duration storms the runoff is 
even less. The Rational Method ignores the cumulative downstream implications 
brought about by post-development discharge after the peak (hydrograph 'tail') which is 
greater than that of the pre-development situation. The accumulation of increased 'tail' 
discharges, illustrated with a catchment hydrologic model, can result in greater flood 
discharges at some points downstream. It is to avoid this that the PSD must be less than 
that required merely to avoid increasing peak discharges at some specific rate.
The objectives of the OSD policy are to:
• prevent any increase in downstream peak flows resulting from new developments or 
redevelopments by temporarily storing on-site the additional runoff generated,
• prevent increases in downstream flooding and drainage problems that could
• increase flood losses,
• damage public assets,
• reduce property values,
• require additional expenditure on flood mitigation and drainage works,
• encourage integration of OSD facilities with the architectural design and layout of 
the development in order that adequate storage areas can be located in the initial 
stages of the site design, and
• require supervision of the construction of OSD facilities by the OSD designer to 
improve construction standards.
The policy applies throughout the 110km area of the upper Parramatta River catchment, 
as detailed in the following figure.
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■
Figure 2.3 Catchment of the Upper Parramatta River Catchment Trust 
The OSD requirements shall generally apply to all types of development. The OSD 
policy shall not apply to:
• single occupancy buildings, extensions, additions and improvements on existing 
single residential lots,
• dual occupancy residences, on a lot with an existing residence, involving less than 
100m2 of development area,
• subdivisions of existing dual occupancies where no changes to the buildings or site 
are proposed,
• boundary adjustments and consolidation of allotments where no potential or 
expectation of additional developments is created,
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• one-off minor developments, minor additions and repairs where the proposed 
development area is less than 100m2,
• change of use, where no physical changes to the outside of the property are 
proposed,
• areas within large properties not covered by the development or building 
application,
• new developments in subdivisions where OSD has already been provided for the 
entire subdivisions, and
• any portion of the property used as a defined floodway.
The stormwater drainage system (including surface gradings, gutters, pipes, surface
drains and overland flowpaths) for the property must:
• be able to collectively convey all runoff to the OSD system in the lOOyear (1% AEP) 
rainfall event having a duration equal to the time of concentration of the site, and
• ensure that the OSD storage is by-passed by all runoff from neighbouring properties 
and any part of the site not being directed to the OSD storage.
The most challenging task for the OSD designer is locating and distributing the
storage(s) in the face of a number of competing demands:
• ensuring the system costs no more than is necessary,
• creating storages that are attractive and complementary to the architectural design,
• avoiding unnecessary maintenance problems for future property owners, and
• minimising personal inconvenience for property owners/residents.
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These demands can be balanced by providing storage in accordance with the frequency 
staged approach. This approach recognises that people are generally prepared to accept 
flooding which causes inconvenience, but no damage, provided that it does not happen 
too often. Conversely, the less the personal inconvenience, the more frequently the 
inundation can be tolerated. Recommendations for depth and frequency of inundation 
are given in the following table.
Table 2.6 Depth and frequency inundations
STORAGE AREA SUGGESTED DEPTH FREQUENCY OF 
INUNDATION
Pedestrian area 50mm
beginning to pond
once in 200 years 
once in 20 years
Parking and driveways 200mm
100mm
beginning to pond
once in 100 years 
once in 20 years 
once in 10 years
Gardens 600mm
400mm
200mm
beginning to pond
once in 100 years 
once in 10 years 
once in 2 years 
once per year
Paved outdoor recreation 
areas
Beginning to pond 6 times per year
Some simple techniques that can increase the efficiency of the OSD system, whilst 
reducing the impact on the site are:
• grade the site for surface drainage so that when the pipe system fails no serious 
consequences will occur,
• avoid filling the site with pits that are not needed, they rarely receive any 
maintenance, and
• direct as much of the site as possible to the storage.
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The Trust's analysis suggests a relatively simple procedure for determining the PSD and 
SSR values applicable in other areas, for use on an interim basis. The procedure is as 
follows:
STEP 1 Select the flood standard (say 100 years ARI)
STEP 2 Develop and calibrate a runoff routing model and compute the 
critical (largest) flood peak discharge for the standard flood 
frequency at all locations in the catchment where no further increase 
in flood discharges can be tolerated
STEP 3 Compute the 100 year peak runoff rate, which is the critical 100 
year peak discharge divided by the contributing catchment area, and 
express in L/s/ha.
STEP 4 Select the smallest peak runoff rate and reduce by 15% to obtain the 
PSD
STEP 5 Compute the SSR using the following equation: 
SSR = 74.66 x (PSD/1000) •° 731 
where 60< PSD <150 L/s/ha.
STEP 6 Scale the SSR to the subject catchment on the basis of the average 
100 year 2 hour rainfall intensity for the upper Parramatta River 
catchment (48.3mm/h) and the local equivalent, or other storm 
duration if appropriate.
Nicholas (1994) undertook a study to review the penetration of OSD into general 
stormwater management practice and to assess the range and efficiency of methods 
being used in implementation.
Nicholas contacted 45 councils in the Sydney-Wollongong-Blue Mountains region, 
seeking information on OSD policies and implementation. Of the 33 replies, Nicholas 
found that only 3 registers were being maintained and that 16 of the councils had only 
recently introduced policies for OSD.
This initial survey indicated:
• a high proportion of installations have features which could be expected to detract 
from their performance in the design storm
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• procedures that are in place for construction supervision, maintenance monitoring 
and technical archiving are often inadequate
• the OSD knowledge base of some designers, many installers and most owners and 
occupiers is poor.
This survey indicates that whilst there are many councils adopting policies, not a lot of 
effort is expended in ensuring that systems are installed correctly and that these systems 
are maintained. These results also indicate that whilst policies are in place requiring 
certain controls on outlet flows and storage volumes, there is no certainty that this is 
being achieved. Further, the amount of knowledge available to the profession on 
implementation and effectiveness is limited as there has been very little feedback to 
designers on the effectiveness and practicalities of systems that have been installed.
The Sydney Coastal Councils Group (1995) produced a guideline titled “Sydney 
Coastal Councils OSD Guidelines” in order to provide a standard approach for 
implementing on-site stormwater detention in urban areas. The guidelines are aimed at 
encouraging the application by council's of catchment-based, not site specific, policies 
and analysis techniques. Site specific techniques are advocated as interim measures 
until relevant catchment data is collected, analysed and made available.
The draft reflects, for the most part, the findings and presentations of the Upper 
Parramatta River Catchment Trust's report on OSD. The authors have provided a draft 
policy format that only requires the reader (usually a council) to fill in the gaps, in order 
to develop there own OSD policy.
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The authors also present alternatives to OSD. They realise that other options may be 
more appropriate due to physical constraints or where money can be spent more cost 
effectively in other areas of the catchment.
The three alternatives offered by the authors are as follows:
• one of the reasons why on-site stormwater detention has become necessary is the 
increased impervious area. Therefore, by decreasing the impervious area on a 
particular site, a designer may decrease the amount of storage that is necessary to 
achieve the permissible site discharge,
• in certain circumstances, a council may decide that it will upgrade the drainage 
network to a capacity where no OSD will be necessary. If 'choke' points can be 
identified in a particular system (which is otherwise at an acceptable standard), 
which severely limit the capacity of the system, then upgrading of the 'chokes' will 
represent efficient use of assets, and
• council may approve absorption systems (where permeable soils predominate).
O’Loughlin et al (1995) found that “The rapid adoption of OSD was caused by 
planning actions as much as by engineering judgements. By world standards the Sydney 
Metropolitan Area is large (3000km2) and its population densities are low (900 
persons/km). Many town planners argued that the costs of providing infrastructure in 
newly-developed areas on the margins of the city were too great. They recommended 
that inner areas be developed more intensively, by encouraging the construction of flats 
and group housing, and by allowing owners of single dwellings to subdivide their 
property into dual or multiple occupancy units. These developments were often
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opposed by the local councils, which had reserved many areas for low-density 
development.
The New South Wales State Government has supported policies of urban consolidation. 
In 1992, after urging councils to permit denser developments, it altered planning 
policies, removing many powers of councils to reject high-density or dual-occupancy 
developments. Over 10,000 dual-occupancy developments were approved in the two 
year period from 1994 to 1995.
Municipal councils have legal powers to impose OSD requirements, which can be 
incorporated into development approvals and covenants governing the ongoing use of 
property. They have a statutory responsibility under planning legislation to consider the 
impacts of developments on downstream properties. To protect drainage systems and 
downstream residents, and to avoid possible legal actions, the majority of councils have 
applied OSD regulations, making developers responsible for managing and moderating 
stormwater runoff. The result is that the application of OSD is now more widespread in 
Sydney than in any other region of Australia. Unfortunately, councils have formulated 
differing policies and design guidelines, so that only in the UPRCT catchment and 
adjacent areas is there a consistent policy.”
George et al. (1998) reported that a survey of councils in the Sydney metropolitan area 
revealed that:
“Three fifths of councils have implemented or are developing an OSD policy. Of these 
approximately one third use a catchment based approach, one third use OSD on rare 
occasions and on a site to site basis, and the remaining third is equally split between
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those currently developing an OSD policy and those who have chosen not to implement 
one.”
These results indicate an even split between the implementation of site based and 
catchment based detention policies. This indicates greater use of the catchment based 
method in the Sydney metropolitan area than the survey undertaken in this study (refer 
to Chapter 3 of this study) which indicates that 33% of councils utilise catchment based 
methods, compared to 55% that utilise site based methods.
The survey by George et al also found that councils closer to the CBD of Sydney were 
more likely to apply OSD policies than councils in outer areas. The survey results in 
Chapter 3 of this study do not reflect any trend to increased use closer to the CBD, with 
an even distribution of OSD policies across Sydney. Many of the councils in the outer 
areas are rapidly growing and have adopted site based methods in order to mitigate the 
impacts of increasing development.
These results are markedly different to those found by Bewsher (1999) who stated that 
the vast majority of Sydney’s councils (more than 90%) now have OSD policies in 
place, of which there are basically two types:
1. council requires the applicant to determine the SSR and PSD for the site;
2. council carries out a study of each catchment in the area and determines catchment 
wide OSD parameters, expressed on a per hectare basis.
The second approach standardises and simplifies the calculation procedures within the 
catchment and most often Sydney councils preferred approach.
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Many councils have had blanket OSD policies in place, requiring all properties in the 
local government area to have OSD if developed or redeveloped. A majority of the 
councils in the Sydney region are reviewing their blanket OSD policies due to many 
areas having:
1. a wide variation in topography both within and between catchments. Where urban 
development is close to the receiving body of water with no major or potential 
flooding problems between the development and the receiving waters, it is deemed 
unnecessary to retard flows through OSD systems,
2. soil permeabilities also vary and in some areas, such as sandy soils at Kumell, 
groundwater infiltration is a primary means of stormwater disposal,
3. Councils are concerned about the maintenance of OSD systems and with many being 
classified as confined spaces, this adds to the cost to the owner in maintaining the 
system, often resulting in little maintenance being undertaken. Some Councils are 
of the view that money spent on OSD facilities may be more efficiently spent on 
trunk drainage improvement works, and
4. upgrading of trunk drainage systems with inclusions for future development flows.
In these instances, or where upgrading is imminent, the provision of OSD is often 
unnecessary.
Surveys of Sydney councils have revealed that an estimated 50% of OSD systems are 
not working correctly or not working at all. The non working systems will certainly 
make flooding worse. This makes the implementation of OSD a risk to councils as they 
will be responsible for flooding downstream and a ‘failure’ to monitor existing control 
facilities implemented under council policy requirements will also place the relevant 
council at risk.
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Many of the Sydney councils rapidly adopted the OSD concept without understanding 
the full ramifications of the future maintenance responsibilities and the future liability 
that the Council may incur. Bewsher has stated that it is currently clear that the best 
alternative for the control of stormwater may not be the implementation of OSD.
O’Loughlin et al. (1995) presented the advantages and disadvantages of OSD. The 
advantages were claimed to be:
• OSD prevents adverse impacts of development by restoring lost natural flood 
storage,
• it does not transfer problems downstream, as system enlargements often do. The 
system is equitable because it puts responsibility for solving problems, and the cost 
burden, onto the developer, who benefits from the redevelopment. Problems are 
resolved at their source as they occur, and solutions not postponed,
• simple and effective rules can be developed from rigorous modelling studies,
• OSD provides a basis for water quality control, and
• increased acceptance of OSD is occurring among all parties involved with it.
The claimed disadvantages of OSD are:
• regulations are often unfair, and criteria and design methods are usually too 
simplistic,
• under some hydrological conditions, storages located in the lower parts of 
catchments can increase flowrates downstream due to delayed hydrographs,
• maintenance is a major problem, and OSD places a large administrative burden on 
councils and a possibly onerous duty on property owners,
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• OSD provides little scope for stormwater pollution reduction, specially for dissolved 
pollutants, and those attached to fine sediment particles, and
• basically, OSD is uneconomic, with costs to all parties exceeding benefits. An 
efficient policy of levying contributions from developers and pooling these to 
finance strategic drainage system expansions is more cost-effective.
O’Loughlin (1999) states that OSD has been widely adopted in Sydney, Canberra and 
some NSW towns but not so widely in other states. The author is unaware of any 
systems outside NSW, the ACT and Victoria. O’Loughlin further states that sentiment 
has started to move away from blanket OSD policies, and recently there has has been a 
NSW court victory against the imposition of OSD -  this occurring where the developer 
had offered a financial contribution towards stormwater quality enhancements in place 
of an OSD system that was considered by themselves to be ineffective.
Rose (1999) states that whilst OSD is a useful tool for the control of stormwater runoff 
it must be accepted that often small scale OSD systems are not the best solution. In 
some cases there will be little benefit or the problem could be made worse. Rose states 
that the adoption of a blanket OSD policy without real analysis is irresponsible and can 
be detrimental in that it may achieve the exact opposite to what was intended. He states 
that the use of OSD should be the last potential solution considered.
Rather than the blanket adoption of OSD Rose believes that the blanket imposition of 
equal development costs on all developments should be adopted and that negotiations be 
based on an alternative environmentally beneficial but similar cost outcome.
Alternatives suggested include:
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• monetary contribution to Council’s drainage upgrade program in the catchment,
• monetary contribution to a stormwater management trust operating in the catchment,
• construction of or contribution towards effective drainage works within another part 
of the catchment where the expenditure is more effective,
• construction of or contribution to water quality works on site or in the catchment,
• funding a stormwater management study for the catchment, and
• other non-stormwater related community benefits within the catchment.
Rose is advocating that the goal of the above process be:
• a win for the community,
• a win for the environment,
• a win for the council, and
• a win for the developer.
Rose believes the blanket adoption of OSD policy can result in the above stakeholders 
all becoming losers. The blanket adoption of OSD is, Rose states, a total misuse of 
engineering practice and forcing communities into a system which has a high capital and 
recurring maintenance cost.
Wright and Withnall (1999) investigated the use of OSD and the applicable 
alternatives in Hornsby Shire. The authors are reviewing the council’s OSD policy in 
order to:
• critically appraise the need for OSD in all developed areas of the Shire
• to explore alternative means of attenuating the effects of storm flows
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• to define the appropriate OSD parameters where OSD may be needed
• to provide clear guidance on site construction details for OSD facilities.
The chief impetus behind the introduction of OSD policy in Hornsby Shire was the fact 
that Council could be held liable for stormwater damage sustained to private property 
due to approval of upstream developments. The authors found that the policy is applied 
uniformly across the Shire. The policy requires that the 20yr ARI peak flowrate (post 
development) from the site be reduced to the 5 yr ARI flowrate (predevelopment). The 
authors have commenced a review of this policy with a view to determining what the 
objectives of OSD should be, the relevance of OSD to the short flow path type urban 
catchments of the Shire, and investigating other methods that can just as effectively 
reduce peak flows, with less of the maintenance problems associated with OSD.
Methods, other than OSD, of managing increased flow rates include:
• Regional detention basins:
• Infiltration systems:
• Stormwater harvesting:
• Stream Protection Works:
• Trunk Drainage Works:
• Limits to Impervious Area:
ensure that the overall discharge from a residential 
development is reduced to predevelopment or lower 
levels
normally only effective for small, frequent storms 
and requires suitable geotechnical conditions 
site storage of flood water and re-use for garden 
watering, etc.
in some situations it is preferable to maintain the
stability of the receiving stream
where it is not possible to attenuate flows it may be
necessary to install new or amplify existing drainage
systems
by limiting impervious areas, storage and infiltration 
rates can be preserved and in combination with OSD 
can reduce peak flows in a catchment. (There are, 
however, no controls in place to prevent 
homeowners from paving the backyard without 
notifying council).
Page 2.56
Chapter 2: Literature Review
The authors suggest that the target for OSD be to maintain the existing flow regime. 
They state that for areas with differing development patterns, topography, geography 
and soils a blanket policy of SSR and PSD is not appropriate.
For fully developed catchments, the authors state that OSD would be the best means of 
managing increases in stormwater flows due to redevelopment. They also believe that 
other measures, such as indicated above, should be considered as alternatives where 
these are the more appropriate solution for individual catchment characteristics.
Bewsher and Still (1999) reviewed the effectiveness of the Upper Parramatta River 
Catchment Trusts policy on OSD. The authors believe that the strengths of the policy 
are:
• a catchment wide application which ensures uniformity across the entire catchment 
and over council boundaries,
• provision of OSD parameters which simplifies the sizing of the OSD system, and
• technical guidance in the form of an OSD handbook.
The weaknesses identified by the authors relate to:
• policy implementation deficiencies relating to problems with small site OSD 
systems and the authors have identified a move by the Trust to the promotion of 
community rather than individual basins, especially for new subdivisions,
• design deficiencies arise as a result of deficiencies in either the code or in the 
submission,
• construction deficiencies relate to certification that works have been completed to 
the design drawings. This process has not been as effective as was planned, and
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• maintenance deficiencies, as many systems do not receive any maintenance at all.
The authors state that OSD is the option of last resort. They state that it should not be 
applied as a blanket policy and that the partial use of OSD should be promoted. 
Alternatives should be promoted ahead of OSD and only then should OSD be 
implemented, and then used selectively where benefits will arise.
Trinh, Kandasamy and Beecham (1999) studied the impact of OSD on catchment 
flooding for the Sheas Creek catchment in South Sydney. South Sydney Council’s OSD 
policy requires OSD to control site runoff up to the 20yr ARI rainfall event. This results 
in a PSD for most properties of 1781/s/Ha and the OSD policy is based in individual 
property discharge.
The catchment has an area of 790 ha and was divided into 129 sub-areas, is urbanised 
and land use varies from commercial and industrial, to medium and low density 
residential and recreational parks.
The modelling tested storms of 1, 5, 10, 20 and 100 ARI and durations of 15, 25, 30, 45, 
60, 90, 120 and 360 minutes. In order to assess the full benefits of OSD on the 
catchment, the authors assumed that 50% of the catchment area would be redeveloped 
incorporating OSD. PSD rates of 178 1/s/ha down to 50 1/s/ha were tested on the model.
The results of the modelling indicate that OSD generally reduces catchment discharge 
and flooding. The results show, however, that for some non critical duration storms, 
existing flood conditions were aggravated.
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The authors found that the use of OSD in the downstream portion of the catchment only 
provided the most effective reduction in peak discharge at the catchment outlet, which is 
the reverse of what is thought to happen. The authors provided no explanation for this 
result.
Scott, Santos and Argue (1999) compared the performance of OSD and on site 
retention (OSR) on hypothetical catchments ranging in size from 14ha to 210ha. The 
mathematical models are representative of the urban landscape in terms of the allotment 
and street geometries, block sizes, land slopes and drainage configuration of an 
Australian suburb. The rainfall applied is for Parramatta, New South Wales.
The primary comparison to be made between OSD and OSR is peak flow reduction.
The UPRCT method was used to determine SSR, with the exception that PSD 
requirements were ignored. This results in higher PSDs and correspondingly lower SSR 
requirements. Solutions for OSR were based on the assumption of zero percolation 
from storages during storm events and only “roof’ runoff into OSR devices were 
considered.
The results indicate that for small catchments the required SSR for the detention option 
is smaller than that required for retention systems. In medium to large catchments the 
reverse is true with differences in site storage of as much as 20% occurring in some 
instances. This result is explained by the authors as due to the different hydrographs 
that result from using these storage devices. For OSD, there is the characteristic low 
peak and long tail. The corresponding OSR hydrograph has peak flow for the site little
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different than redevelopment without retention. The important difference between these 
two hydrographs is the volume of surface runoff which each represents. In small 
catchments where the individual site is the controlling factor, peak flow reduction 
favours the OSD option. In medium to large catchments, the cumulative effect of 
volume reduction, under OSR, obliterates the effect of high peak discharges delivered 
by individual sites.
The authors conclude that on-site retention emerged as the better option in medium to 
large catchments. However, they caution against universal application of OSR as there 
is a range of field and site conditions that may preclude the use of the retention option.
The Stormwater Industry Association (1999), in their seminar “On Site Detention: 
Future Directions” recommended that:
• OSD should be only one of a number of alternatives to be considered in an urban 
catchment,
• catchments should be assessed and modelled looking at current and possible future 
planned development before taking the OSD route,
• blanket OSD policies should not apply,
• ORS, stormwater re-use and other methods of managing flows should always be 
considered as a first option,
• stormwater management should include cost-benefit analysis for community and 
public infrastructure before policies become regulations, and
• better catchment planning will provide a better range of options for managing 
stormwater and overland flooding.
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Summary of Section 2.4: On-Site Detention
Authors have found that the application of OSD will increase or decrease flood peaks at 
any point on the stream, depending on the physical features of the watershed and the 
relative locations of the stormwater management detention basin.
Some authors also question the use or application of OSD where downstream areas from 
a development site have no flood threat. This is an example of why the blanket use of 
policy can be detrimental to the application of a system as people will question the 
effectiveness or usefulness where there is no measurable benefit.
It can also be noted from the above papers that there was a rapid introduction of OSD 
without a full understanding of ramifications of this system. Councils are presently 
reviewing OSD policies in the Sydney region as more understanding of the operation of 
such systems is developed within each Council. Many of the policies in operation at 
present recommend limiting peak discharge to pre-development values for the full range 
of recurrence interval. Policies for outlet control normally restrict the outlet to a 
minimum of 90mm in diameter due to problems with blockages being experienced in 
outlets of smaller diameter than this.
Studies have shown that applying detention to runoff flowing through downpipes, by 
restricting flowrates, is a simple, efficient and inexpensive method to manage increases 
in runoff due to urbanisation. Similarly, the use of small tanks to manage runoff, 
applying 500 litres of storage for every 50m2 of roof area, results in reductions of 32­
37% of peak flows.
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The storms most often identified as needing to be analysed are the 100 year and the 5 
y storms. The Upper Parramatta River Catchment Trust utilises a catchment wide 
criteria with the 100 year storm as the critical storm for which detention needs to 
mitigate runoff.
Methods for determining detention can be divided into catchment and site based 
methods. Site based methods have been found to require higher PSD and lower SSR 
values than for catchment based methods such as the UPRCT method. It has also been 
found that the site based method may be ineffective downstream for larger storms.
OSD was found to generally reduce discharge and flooding downstream. However, for 
some non critical duration storms, existing flood conditions may be aggravated. The 
papers reviewed indicate that solutions other than OSD may, in some instances, be 
better solutions. The need to analyse a site and determine the requirements of that site 
are important in determining the best option. It has been stated that OSD should be the 
option of last resort and that detention/retention measures operate best for medium to 
large catchments.
A common theme that came through when investigating current practice in OSD is that 
such systems are often not constructed to the correct standards and design. This is often 
due to a lack of understanding on the part of those installing systems as to the reasons 
for the installation and the importance of ensuring that outlets and storages are 
constructed correctly. Other problems commonly arising are the lack of maintenance of 
existing facilities, which in some instances causes greater flooding problems than not 
having a system in place at all. It is also apparent that feedback from practitioners is
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required as to the effectiveness of systems installed so that improvements in design, 
practice and application can be made.
2.5 THE USE OF MAJOR DETENTION BASINS
Wisner, Kasem and Cheung (1981) discuss dual drainage systems combined with 
depressed parks for storage of major system flows at storms with return periods of 25 to 
100 years. The major advantage in utilising depressed park storage is that it does not 
require additional land dedication.
Experience with the application of park storage in Toronto indicates that a mean depth 
of one metre for storage in parks can be easily accommodated. For residential areas 
with an average imperviousness ratio of 30%, it was found that complete detention of 
the 100 year storm could be met with not more than 2.5% of the total area of 
development. This percentage is less than the 5% usually dedicated for parks.
The authors state that in the past little attention has been given to interfacing storage 
facilities with the concept of a dual system. If peak flow runoff control is required for 
major as well as minor storms, park storage can be combined with storage for minor 
system flow. This leads to a "dual storage" system which consists of a combination of 
two interconnected storage units:
a) surface storage for overland flow from the major system, utilising park areas, 
and
b) Underground storage for minor system flow consisting of an oversized pipe with 
restricted release.
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During frequent storms, the underground storage facility will operate and reduce the 
peak outflow conveyed by the minor system while the park remains dry. During less 
frequent storms, both park and underground storage will be utilised and the peak 
outflows from the major and minor systems will be reduced correspondingly.
The authors state that operation of the dual storage system has the following advantages:
a) Surface detention in the park does not require additional land,
b) Maintenance problems in the park are negligible. Park flooding is infrequent, 
and occurs only for storms exceeding the design frequency of the minor system,
c) Storm sewers surcharge and back up is eliminated for all storms of frequencies 
up to 1 in 100 years, and
d) Flows for major storms may be reduced to less than the pre-development 
conditions. This "over control" may be desirable to alleviate flooding problems 
in existing developments located downstream in the same watershed.
The authors conclude that the implementation of park storage means that the major 
system flow can be entirely controlled. By providing frequent outlets from the major 
system into the park, the depth of flow on the streets is minimised.
Mein (1982) has found that detention basins have seen a great deal of growth in their 
use due to the rapid increase in urban growth, particularly where catchments upstream of 
existing areas are involved. For such locations, large basins are often used to reduce 
flood discharges to acceptable levels.
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The following table gives a guide to the areal distribution of installed detention basins in 
Australia. The major reason for most of the basins being sited in the southern half of the 
continent is explained by the varying rainfall intensities and volumes experienced over 
the continent, as indicated by the 20 year one hour storm depth in the table.
Ta )le 2.7 Distribution of Australian detention basins ( [982)
Location 20 year 1 hour 
storm depth 
(mm)
Number of
basins
(approx.)
Size of basins 
(1000m3)
Remarks
Perth 35 235 1-28
2-5 typical
Mostly 
excavated 
depressions 
(up to 15m 
embankment)
Adelaide
region
35 20 Up to 900 
20-30 typical
Some large
dams,
excavated
Melbourne 35 50 2-1970 
Median 57
Mostly 
embankments 
(up to 12m 
high)
Hobart 25 0 -
Canberra 35 5 5-500
Sydney 65 25 25 typical Includes about 
10 cascades of 
basins
Other NSW - 70 2-100
Brisbane
region
75 3 1-4500 Includes 2 
cascades of 
basins
Darwin 80 0 -
Detention basins in Australia have a variety of configurations and purposes. In 
Melbourne, basins are constructed as embankments across streams to protect 
downstream residents and these basins are relatively large. The design storm recurrence 
intervals for full storage level are generally 20 years, but provision is made for the 
overflow spillways to cater for much larger floods - occasionally the probable 
maximum.
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In Perth, basins are generally excavated depressions constructed in sandy soils with the 
dual purpose of discharge mitigation and groundwater control. The basins are generally 
small and designed for a 10 year storm runoff
Several recent systems of basins installed have been so close together that the level in 
one basin acts as tailwater for the next basin upstream. Such systems are suitable for 
flat land applications or where small inundation depths are essential.
Edwards (1982) produced a report detailing how the Riverside County Flood Control 
and Water Conservation District (California) has utilised the concept of detention of 
flood waters to reduce peak discharges along downstream reaches of affected streams 
since the early 1950's.
The concept of on site storm water retention for individual developments has been 
considered. No absolute policy has evolved but some conclusions have been reached:
1. the best overall solution to flooding problems is a comprehensive integrated flood 
control system,
2. a multitude of small retention basins in an urban area is not considered desirable. 
There is the problem of proper operation and maintenance, the aesthetics of such 
facilities in an urban setting and overall cost effectiveness, and
3. on site retention basins to be constructed by a developer will be considered an 
interim measure that can be abandoned when the master planned facilities are 
installed.
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The general policy of Riverside County, and its incorporated cities, is to utilise retention 
basins where feasible as part of a comprehensive flood control and drainage system.
This policy allows for the facilities to be maintained by a responsible public agency.
Wright (1982) stated that the adoption of the detention concept by the engineering 
profession and government has been successful and rapid when compared with other 
types of innovative concepts in the public works field.
Stormwater management is a time related space allocation effort. If natural storage 
space is reduced by an urban development and related land use practices, then additional 
space will be 'claimed' by the stormwater at some other location. Speeding the 
stormwater in transit has the effect of transferring the decreased natural storage problem 
downstream. This often causes flooding to downstream areas which were previously 
'immune' to flooding.
By reviewing the types and functions of natural storage, a better understanding can be 
obtained as to how man-made storage can be optimally created to replace the loss of 
natural storage. The objective is to try and maintain a semblance between the 
hydrologic regime of the post-urbanised basin with that before urbanisation.
Natural storage exists as a variety of forms, some of which are:
• water held by vegetation,
• water infiltrated and held in the soil and other substrata,
• water held in shallow small surface depressions,
• water held in large surface depressions or ponds and lakes, and
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• water dynamically stored in slow moving streams and floodplains.
An effect of urbanisation is generally to increase the rate of runoff response due to faster 
hydraulic conditions that exist in paved areas versus vegetated areas. An objective of 
storage is to slow the rate of response of the developed area.
Construction of man-made storage is a valuable means to aid in achieving well-managed 
runoff systems. Storage facilities can be managed to provide multiple benefits, such as:
• water quality management,
• sediment control,
• water supply, and
• recreational opportunities.
Man made storage can be located throughout a basin. The location selected will be 
determined by the nature and source of the flood problem. There are three storage 
concepts used relating to location:
1. Regional detention storage
consists of relatively large storage facilities at a few selected sites in a basin
2. Subregional detention
advantage of reduced size, protection of more stream channels from erosion 
resulting from excessive flows and control of flooding along greater stream 
length
3. On site detention
involves a more localised and diversified detention of floodwaters and can utilise 
the following:
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• rooftop ponding
• parking lot detention
• slow flow drainage patterns
• open space/median strip ponding
• road and driveway embankments
• sports field ponding
The advantages of OSD include:
• ease of maintenance when incorporated wisely into the development,
• shifting of the cost to the private sector,
• reduction of local storm sewer and drainage capital costs,
• less impact in providing major drainage routes through a given development, 
and
• provision of multiple-use opportunities such as open space, recreation, 
pathways.
A given development should be laid out with the detention and drainage system in mind, 
rather than force fitting the detention system after a street layout is designated. A good 
guide is to recognise the historical drainage pattern on a given property.
The author reviewed numerous case studies which indicated that a detention ponding 
policy often initially meets with resistance, but this often changes to support with 
detailed planning and a technical explanation of the benefits to be achieved.
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Developers often are supportive of OSD when local storm sewer policies are flexible 
enough to allow minimisation or elimination of storm sewers upstream. Here, it is the 
financial benefits which are the basis for support.
In some instances, stormwater detention is limited to regional and subregional storages 
which reflect more traditional approaches to flood control by the construction of 
reservoirs. However, even here unique multi purpose storage can assist in achieving 
good urban stormwater management objectives while creating urban amenities.
Jones and Jones Jr (1982) state that the most frequently encountered problem with 
detention ponding is the way it has been implemented "out of context" (by itself) as a 
mechanism for reducing peak runoffs from individual development sites. Typical local 
laws require detention ponding, whether or not it is beneficial or cost effective.
Many developments are of areas less than 8 ha and so the detention ponds are also 
small. Required detention storage, therefore, springs up all over the urbanising area. It 
is inevitable that haphazardly located detention ponds will cause downstream 
coincidence of runoff peaks, aggravating the very downstream conditions they are meant 
to improve.
The authors also quote Urbonas, Glidden and Tucker "Effect of Detention on Flows in 
Major Drainageways", 1981, which examined local and downstream effects of randomly 
located detention ponds. These authors determined that the coincidence of downstream 
peaking is a threat where hydrologic behaviour is not optimized by careful pre-planning,
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and that the attenuating effects of detention ponds disappear rapidly with increasing 
distance downstream from detention ponding facilities.
The authors concluded that communities should develop detention ponding programs 
because they have the desire to creatively and effectively manage their stormwater 
problems and improve the living environment for the public. Further research is 
required to better define:
1. water quality needs and management techniques useful for urban detention ponds,
2. the extent to which property values are positively and negatively influenced by 
detention ponds, and
3. promising ways to educate engineers and planners about the intricacies of urban 
detention storage planning and design.
Williams (1982) undertook an investigation of the effectiveness of stormwater detention 
used in Montgomery County, Maryland, USA. Cabin Branch sub-watershed is centrally 
located in the Seneca Creek Watershed.
The existing land use includes 50% urban development, 25% under cultivation and 25% 
in parks, forests and land awaiting development. It was determined that approximately 
80% of the study area will be developed and the remaining 20% will be parks, golf 
courses and other open space.
Evaluation of the effects of single structures indicated that controls located in the head 
waters had the greatest effects upon the storm flows throughout the stream network.
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The structure located in the lower third of the sub-watershed had very little effect either 
alone or in combination with others.
Based upon studies such as the above, the following recommendations were presented 
by the authors:
• larger stormwater management (SWM) basins should be considered in community 
planning, with judicious concern for their size and location in a watershed so as to 
improve and not degrade stream conditions,
• local jurisdictions should include programs governing design, installation and 
maintenance of SWM and sediment basins, emphasising that the former be 
developed as public structures, with a scheme for pro-rata private contributions,
• studies for improvement of large lakes should be made, and
• monitoring and model study efforts should be continued to follow up on prior work 
expended, to support local studies and construction programs and for the evaluation 
of the operation of new structures.
The authors concluded that the effectiveness of stormwater detention is evident by the 
policy and financial commitments made by Montgomery County to provide stormwater 
management on a watershed basis and as a public facility.
Yaeck (1982) has investigated the public reaction to the use of detention ponds in 
Chester County, Pennsylvania, USA. The county has experienced 12 years of voluntary 
development of stormwater detention facilities.
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A survey of some of the areas involved produced a mixed response. The most 
significant problem is that of maintenance which, in many areas, remains unresolved. 
The question directs itself to the initial level of responsibility and then on to ultimate 
ownership.
Another activity which gives rise to concern is any action by man which can cause a 
significant change in the drainageway serving the detention basin. It is not beyond the 
realm of possibility for subsequent construction on the property or properties served by 
the pond to divert waters through an unnatural course and create a new problem.
Public education efforts in the field of stormwater management have achieved some 
positive results. Stormwater, historically, has been regarded as a nuisance, but that 
pattern is changing as problems of soil erosion and sediment control become more 
pronounced.
The authors have stated that continuing promotion of strategies is required and, more 
importantly, consistency amongst local government is a necessity.
Chapter 14 of Australian Rainfall and Runoff (1987) relates to detention and retention 
basins. Among the many types of detention storages are:
• very large storages,
• basins with restricted access,
• pump out storages,
• systems of small, linked "cascade” basins, and
• very small storages on properties, providing OSD.
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Basins should be planned as part of an overall master drainage system, operating at an 
ARI of 100 years. Their specific purpose may be to:
• provide a more economic trunk drainage system, by reducing downstream design 
flowrates and channel sizes,
• remedy downstream situation whose facilities may not cope with flowrates that 
occur without a basin in place, and
• meet planning requirements, such as ensuring that the developed flowrate is not 
greater than undeveloped flowrate, for the same ARI.
The design approach depends on which of the above criteria applies and also whether 
sediment, water quality or groundwater recharge considerations are important.
Summary o f Section 2.5: Major Detention Basins
The above papers on major detention basins indicate that storage requirements for the 
100 year storm could be met through utilising 2.5% of total area of development, which 
is less than the 5% usually set aside for parklands in US developments. Therefore, there 
is an opportunity to utilise dual systems, with an underground storage being applied to 
minor flows and surface storage utilising park areas for major flows.
The review of large detention storage basins indicates that, unlike OSD, such systems 
are in use and applied across Australia. The implementation of a development should 
be planned with the detention/drainage system in mind to ensure the maximum benefit 
from the application of detention basins. It has been proven in studies that the
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haphazard location of detention ponds will cause downstream coincidence of runoff 
peak, aggravating downstream conditions and resulting in an increase in flooding.
It has been found from previous studies that the location of structures in the head waters 
of a catchment are the most effective, whilst structures located in the lower third have 
very little effect on peak discharge from a catchment. Studies and current practice also 
indicate that basins should be designed for 100 year storms.
The use of detention basins provides multiple benefits to items such as water quality, 
sediment control, water supply and recreational opportunities. These other benefits are 
often significant enough to result in large basins being the preferred option of OSD 
systems. Additional benefits include that the local council is responsible for the 
maintenance of large facilities, and this can provide an assurance that the system will 
operate as designed -  an assurance that can often not be given for OSD systems.
2.6 CURRENT PRACTICE WITH DETENTION BASINS
A detention basin reduces flood peaks by providing temporary storage of floodwater. 
Boyd (1981) states that "the complete design of detention basin involves an inflow 
flood hydrograph through the basin using any of the established reservoir routing 
procedures". His study examines the accuracy of several simplified design procedures 
by comparing predicted results with a complete design using reservoir routing. The 
study presents 3 simplified hydrograph procedures:
1. Triangular outflow hydrograph
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Volume of inflow hydrograph - 1 
Required Basin Storage - S 
Peak inflow rate - i 
Peak outflow rate - q
q/i = 1 -  S/I ..... (1)
2. Constant outflow rate
q/i = 1 -  (S/I)0'5 ..... (2)
3. Culp formula
q/i = 1.25 -  (1.5x S/I +0.0625)0'5 .....(3)
The accuracy of the 3 hydrograph methods described above was tested by comparing the 
results predicted from the 3 equations with those obtained using a complete analysis 
involving routing inflow flood hydrographs through detention basins.
Equation 1 tends to underestimate slightly the value of storage volume (S) by 5% while 
equations 2 and 3 underestimate by 50% and 30% respectively.
Boyd concluded that a simple dimensionless relation (equation 1) based on triangular 
inflow and outflow hydrographs gives the most accurate results for estimating the basin 
storage volume required to apply detention storage to a catchment.
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Guidelines for the Design of Detention Basins and Grassed Waterways for Urban 
Drainage Systems, Water Resources Panel, Institution of Engineers Australia 
(1985) presents a growing trend in the use of detention basins and grass lined waterways 
or channels in urban drainage programs. The increase in use is a result of:
• a sense of dissatisfaction with the limitations of the traditional methods, and
• realisation of the benefits of this softer approach.
This paper’s purpose was to present a consistent set of standards that reflect the 
diversity of drainage problems found in practice. The basic design objectives of a trunk 
drainage system within the context of achieving an optimum urban environment are:
• to carry and control the passage of small and moderate floods without overflowing 
the system and causing damage,
• to pass extreme floods in a controlled manner which is not amenable to catastrophic 
failure,
• to stabilise the landform and control erosion,
• to provide for public safety and convenience, and to protect property,
• to enhance the urban landscape,
• to maximise the land available for urbanisation,
• to be responsive to regional water quality needs,
• to provide an economical design solution,
• to provide for other community objectives and uses which are consistent with the 
prime drainage function of the system, and
• to discharge drainage water to downstream watercourses or receiving waters in a 
manner that does not exacerbate the flooding problems or overtax their capacity to 
safely pass all flows.
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Of course, for the actual design, not all of the above criteria will be met.
The overall aim of providing trunk drainage systems is to achieve a certain standard of 
performance, encompassing the preceding objectives, in line with community values 
and requirements. The main considerations which would affect drainage standards are:
• standard of hydraulic performance required,
• costs,
• maintenance considerations,
• safety,
• aesthetics and environmental considerations,
• legal or statutory requirements, and
• local and regional planning requirements.
Detention basins are generally temporary water-retaining structures, and so they do not 
have to be designed as rigorously as dams. "Wet" basins, however, must be designed 
fully as dams with special consideration being applied to water quality.
The paper concludes that all decisions should be made on an economic basis, with 
tangible factors such as construction and maintenance costs, and intangible ones such as 
safety being included in considerations. Designs should be determined on a cost-benefit 
basis, or at least on a comparative cost basis.
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The Local Government Engineers Association of NSW conducted a survey in 1984 to 
ascertain current design standards for detention basins and grassed waterways. The 
general conclusions of the survey were:
• Design objectives are most commonly designed to reduce flowrates to pre­
development conditions,
• Hydrologic methods used for the design of detention basins are usually the runoff 
routing programs RORB, RSWM or RAFTS,
• The design recurrence interval for detention basins and for grassed waterways is 100 
years,
• Maximum depth in detention basins varies, with 1.2m at design recurrence interval 
being accepted where space is available,
• freeboards on detention basins and channels are set at 300 or 500mm,
• sideslopes for detention basins and channels are a minimum of 1:4 and preferably
1:6,
• the maximum velocity in grassed channels is taken to be 2-2.5m/s, and
• safety features, such as flat batters, fences and outlets and warning signs, are 
employed by many councils
The most common method used by the drainage engineer is the Rational Method which 
has the overwhelming advantage in simplicity. However, the pertinent variables 
affecting the rainfall-runoff process, such as the antecedent soil moisture condition, 
infiltration and detention storage of the catchment are all conveniently lumped into one 
coefficient - the runoff coefficient. Chen and Wong (1987) present an alternative to 
the Rational Method, the kinematic wave method for site drainage design.
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A site drainage design method based on the kinematic wave theory has several 
advantages, including its physically based parameters, facility for hydrograph extension 
and compatibility with the large scale stormwater models.
The authors obtained an explicit solution of the unit peak discharge from an overland 
area by applying the kinematic wave solution of the rainfall-runoff relationship to the 
common type of rainfall intensity-duration characteristic. The solution can be expressed 
as follows:
Q ni = 360—f- = 
A
a1 l b
b
1 0.4 b
l (nL/s fS)m
in which:
i= Uniform rainfall intensity (mm/h)
Qp= Peak discharge (m /s)
A= Catchment area (ha)
n= Manning's roughness coefficient
L= Length (m) of catchment
S= Slope of catchment
a & b Are the constant used for describing the rainfall 
intensity-duration relationship at a given place by 
i=at'b
In this approach, an explicit solution of the maximum discharge can be obtained, 
eliminating the trial and error process normally encountered in the rational method.
The authors concluded that both methods are capable of predicting the whole range of 
peak discharges normally encountered from various types of catchments ranging from 
highly impervious to the unimproved. The kinematic wave method has the added 
advantage in the capability to evaluate the effects of surface roughness, infiltration and 
depression storage losses on the unit peak discharge independently.
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Summary o f Section 2.6: Current Practice with Detention Basins
The above papers on current practice with detention basins indicate that the application 
of the simple dimensionless equation (equation 1) is the most accurate for estimating the 
basin storage volume. This equation often results in storage volumes being calculated 
that are accurate to 5% of the required storage volume.
The papers also support the use of the 100 year storm as being adopted in determining 
storage requirements for facilities and in ensuring that all facilities mitigate flows for 
storms up to and including the 100 year storm.
Current practice suggests that the following methods are most often used to assist in 
determining basin storage requirements -  the Rational Method, runoff routing models, 
and site based methods. The literature indicates that the Rational Method is used for 
simple catchments and where only one storm is being analysed. The literature also 
suggests a move to undertaking detailed catchment modelling -  which requires 
computer simulation, to accurate reflect the effects of development to downstream 
portions of the catchment.
2.7 STORMWATER MANAGEMENT
Wright & Wright (1976) state that flood plain management is wise land use 
management. They state that the problem is that land use decisions are almost 
exclusively undertaken by local decision makers. They are often under heavy pressure 
from land owners and so long range planning and benefits often give way to short range 
economic returns.
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Urban Flooding is a natural hazard to which most communities have exposure. Flooding 
is significant in about 50% of the United States communities. About 7% of the total 
land area in the United States is flood prone and flooding accounts for larger average 
annual property losses than any other single natural hazard.
The authors indicate that estimates show a 30% reduction of mean annual flood losses 
may be achieved over 20 years using non-structural solutions nationally.
Management of flood plains does not need to be a single purpose effort. A management 
strategy can help achieve many diverse urban objectives, such as clean water in streams, 
open space, parks, aquifer recharge, water based recreation and educational activities.
By combining these various objectives into one project the whole is equal to more than 
just the sum of the parts and we have synergism in flood management.
The objectives in flood management are to:
• Improve land use practices, programs and regulations in flood prone areas,
• Provide a balanced program of measures to reduce losses from flooding,
• Reduce the need for reliance on local and federal disaster relief programs, and
• To create urban areas which are more livable, less hazardous to investment and 
lives, and more economically viable in the long run.
The use of non-structural solution strategies, including flood plain regulations, is the 
essence of modem flood plain management.
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The authors conclude that flood control structural solutions have formed the basic flood 
control policy of the United States for many years, yet economic losses have continued 
to rise. An emphasis shift to non-structural solutions holds promise for reversing 
national flood losses while at the same time providing for the improved liveability of 
our cities.
Synergism in flood plain management is important to optimise the project. Utilising 
multi-objective, multi source funding, and multi benefit methods makes a flood control 
strategy more likely to be implemented because of public support.
While local government in the United States is typically reluctant to regulate flood 
plains in a meaningful and restorative manner, new federal legislation has provided 
economic incentives for property owners and cities to build new development outside of 
the flood plain.
Burns and Pilgrim (1976) detail a study of Fort Collins, Colorado and its associated 
catchment, comprising of 2,700 km2. A 40km stretch of the Cache La Paidre River has 
flood plain regulations applied. The purpose and intent of the regulations is not to 
prevent the occurrence of development in flood plain, but rather to ensure that flood 
plain uses are compatible with the degree of hazard involved and the regulations apply 
to the 100 year return frequency flood.
Within the flood plain, 2 zoning districts are defined:
1. High hazard zone which is the floodway district and is that portion of the flood 
plain which is required to carry the entire volume of the 100 year flood, assuming
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that the water surfaces elevation increases by 150mm. Structural uses in the 
floodway are prohibited, since a structure would be subject to damage from the 
flood water and would also act as an impediment to flow, and
2. Low hazard zone which is the flood fringe district and is defined as the area within 
the flood plain inundated by the 100 year flood which is not within the floodway. 
Structures are allowed within the flood fringe district if constructed so that the first 
floor elevation is no lower than 460mm above the flood plain elevation.
The experience of Fort Collins shows that non-structural flood control is being 
implemented, though not without some very substantial problems.
The major problem of implementation is the precise identification of areas within the 
zoning districts. This will be achieved by means of official zoning maps and the actual 
location of boundaries shall be determined by survey on the ground. Problems with 
accuracy of these maps are the subject of contention.
Dingman (1976) states that the Connecticut River basin has been the focus of 
discussion since the 1920's. Recently, the major issue has been the environmental and 
economic advisability of building additional flood-control reservoirs. Considerable 
sums of money have been spent in an effort to provide protection against flooding.
The Connecticut River Basin has an area of 29,137 kilometres2 with a length of 402 
kilometres and an average width of 64 kilometres. Most of the basin consists of hilly 
uplands and approximately 2 million people reside in the basin area.
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A total of 186 floods have occurred in the 133 year period from 1843-1975, for an 
average of 1.4 per year.
As in most parts of the United States, the response to flooding in the basin has been 
largely to build structures (refer to Table 2.8). The magnitude of protection provided by 
the existing flood-control system can be explored by means of a frequency analysis of 
the flood record at Hartford, Connecticut.
Table 2.8 Major Structural flood-control measures, Connecticut River Basin
Project Year
Authorised
Year
Completed
Cost (1974 $,000)
Holyoke local protection 1938 1940 15000
Northampton local protection 1938 1941 3840
Chicopee local protection 1938 1941 5820
Springfield local protection 1938 1941 4180
Surry Mountain dam 1941 1941 9400
Birch Hill dam 1941 1941 16000
Knightville dam 1941 1941 11100
West Springfield local 
protection
1938 1942 8910
East Hartford local protection 1938 1943 8480
Hartford local protection 1938 1944 33600
Tully dam 1941 1949 5360
Union Village dam 1954 1950 13900
Otter Brook dam 1941 1958 7010
Barre Falls dam 1941 1958 3410
North Springfield dam 1941 1960 11000
North Hartland dam 1954 1961 12500
Ball Mountain dam 1954 1961 16700
Townshend dam 1954 1961 11800
Mad River dam 1958 1963 8650
Littleville dam 1958 1965 10600
Conant Brook dam 1960 1966 4410
Colebrook River dam 1960 1970 19900
Sucker Brook dam 1960 1970 3930
TOTAL 245,500
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One major part of the flood problem in the Connecticut River Basin is that of damages 
to existing development - which can be said to have been solved for the present. 
However, further solutions to this problem have continued to be proposed and built, 
while the problem of damage growth has not been addressed.
The non structural flood-damage reduction measures so far implemented in the basin 
include state and local land-use regulations, a flood warning system and minor flood - 
proofing.
Table 2.9 indicates the extent of local floodplain zoning in the basin.
Table 2.9 Status of local floodplain Zoning
State Number of Towns with Zoning
Connecticut 25
Massachusetts 6
New Hampshire 1
Vermont 2
The four “basin” states have programs that have the potential to exert considerable 
influence on floodplain land use.
Dingman's analysis suggests that a straightforward plan of zoning or other regulations 
prohibiting damageable development and development hydraulically affecting river 
stages in the 100 year flood plain is the most cost effective alternative for reducing 
future flood damages in the Connecticut River Basin. He also concludes that 
considerable education of the public is required in order for floodplain regulations to be 
successful.
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The preliminary planning of urban drainage systems involving storage and treatment of 
the runoff is generally based on the long term characterisation of the rainfall-runoff 
quantity and quality process.
Delleur and Dendrou (1981) state that in the past the urban storm drainage systems 
were designed solely to convey the surface runoff to some downstream point in order to 
avoid local street flooding. Storm drainage systems have recently had two new 
requirements added to their design. The first is the control of flooding downstream, 
which occasionally is required by law for the peak discharges after development to be 
no greater than the peak discharges before development. The second is concerned with 
the limitation of the pollution load imposed on receiving waters.
Urban drainage systems are seen to perform three basic functions:
1. to protect an agglomeration from street flooding resulting from storm runoff
2. to control the runoff from the basin to avoid larger stream floods downstream
3. to control the effect of the non-point source pollution conveyed by the runoff to the 
downstream receiving body of water.
In such systems the frequency of street floods and the probability of exceedance of a 
certain flood depth are not only dependent upon the rainfall frequency but depend also 
on the configuration of the system, and in particular on the storage capacity and the 
treatment rate.
The assessment of the risk and reliability of a system is linked to decisions concerning 
the systems planning, design and operation. The planning of a drainage system with
Page 2.87
Storage and treatment can be cast in the form of seeking the ’best’ combination of 
retention storage capacity and treatment rate.
Reliability measures can be estimated making use of the performance time series 
generated by simulation models and appropriate assumptions. These measures provide 
a constraint on the range of storage and contribute to the evaluation of the total cost. 
Risk/ reliability aspects in a decision making framework provides a way to reconcile the 
competing notions of required levels of protection and acceptable risk.
Traditionally, the prevention of flooding in urban areas and the treatment of drainage 
has been accomplished through the 'conveyance approach' to quickly carry water away. 
Since 1970, the 'storage detention approach' has been introduced. This approach 
captures and temporarily detains runoff, releasing it in a controlled fashion. This 
approach can also result in downstream conveyance facilities being smaller and less 
costly.
Outlet control structures are an important component of stormwater detention facilities
since they control both the rates of release and the water depth and storage volume in the
facility. The Task Committee on the Design of Outlet Control Structures (1985)
released a report that centres on the following five categories:
Hydraulic Function Which deals with the inflow-outflow hydrographs
and their return frequencies, storage volumes, depths 
required and outlet features
Water Quality enhancing pollutant removal should be a design
objective for most urban ponds
Safety public safety of the detention pond and outlet works
must be addressed in design
Maintenance a detention pond and its outlet works should be
relatively maintenance free
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Aesthetics a visual amenity consistent with the neighbourhood
can create benefits well beyond those related 
specifically to hydraulic function
Hydraulic function is considered to be the most important element of detention outlet 
control design.
An understanding of accuracy in detention basin design is an important determinant in 
establishing stormwater management policy and in assessing the associated benefits and 
costs. Design accuracy is a function of the stormwater management policy as well as 
the hydrologic and hydraulic models used in design. The following three items also 
have an effect on the design accuracy:
1. the hydrologic model used to compute the peak discharges,
2. the hydrologic/hydraulic model used to determine volumes of detention storage, 
and
3. the hydraulic model used to size the outlet facility.
In comparison with the first two models, design inaccuracies introduced by the hydraulic 
model to size the outlet facility are considered to be relatively small.
Recognising that single stage outlet facilities do not control flood discharges for more 
than a single recurrence interval, the recent trend in stormwater management policy is 
towards the use of two-stage outlet facilities, which control two preselected points on 
the stage/frequency curve to the 'before development peak discharge' rates.
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In two-stage river design, the lower stage orifice controls the more frequent event while 
the larger, less frequent event, is controlled jointly by both the high-stage weir and the 
low-stage orifice.
Special attention must be given to the design of outlet structures for controlling runoff 
from rooftops, parking lots and small on-site swales. Because runoff volumes from 
such areas are small, the required outlets are also small, which increases the potential for 
plugging by debris. Because of the multi-purpose nature of these small on-site control 
facilities, the outlet must release temporarily stored water in a reasonable amount of 
time.
Control measures such as detention ponds, infiltration techniques and vegetative swale 
systems have been demonstrated to provide water quality enhancement in addition to 
flood control. Design recommendations for water quality control include:
1. use long, narrow basin configurations with length to width ratios of 2:1 to 3:1,
2. riprap or other energy dissipating devices should be used at all inflow points to 
reduce flow velocities in order to promote settling of particulates and minimise 
resuspension of settled pollutants,
3. a water tolerant vegetative cover should be used on the basin floor and sides to 
maintain high infiltration rates, promote filtration of runoff and aid decomposition 
of settled particles during dry cycles,
4. it is possible to incorporate pervious low flow channels under certain conditions. 
Pervious low flow channels increase travel time through the basin and promotes 
sorbtion of pollutants to particulates,
5. construct basins in series with two or more stages or terraces,
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6. outlet structures should be designed for release rates that produce approximately a 
40 hour drawdown time for the runoff based on a water quality design storm or a 
specified depth of runoff,
7. special care should be taken when designing trash racks to protect restricted 
outlets. Racks with large surface areas and properly sized openings are 
recommended, and
8. runoff entering the basin should be diverted from impervious areas to pervious 
areas to promote infiltration, filtration and sedimentation. This provides for 
maximum interaction between the runoff and ground cover, and promotes sorbtion 
of pollutants to particulates.
A stormwater detention facility is, in effect, a dam and reservoir. Rapid failure of such a
structure may cause significant damage in urban areas. A designer should pay direct
attention to the following:
1. avoid potential piping of water along the outside of the outlet conduits by using 
cutoff collars, careful material selection and good compaction around the 
conduit,
2. minimise the number of conduits through the embankment,
3. ensure against leaky joints within the embankment,
4. do not use thin walled conduit through the embankment without a protective 
exterior encasement,
5. design the pipe to operate under little or no internal water pressure,
6. provide a safety factor in outlet works openings to account for debris collection,
7. do not depend upon human intervention to operate gates or other controls during 
a storm runoff event, and
Page 2.91
Chapter 2: Literature Review
8. design the detention pond to minimise debris migration to the spillway.
Maintenance of the outlet structure should be an integral part of a periodic program of 
maintenance for the entire facility. Responsibility for maintenance of the structure rests 
with the owner.
Maintainability of outlet works of detention ponds should receive particular attention 
during design. Long term maintenance costs are inevitable and can be minimised only 
by sensitive consideration and treatment during the design of a detention facility.
The committee also believe that two major factors argue for implementing attractive 
structures:
1. public attention in an urban setting will naturally focus on the pond's outlet 
structure. Because the outlet structure attract attention, it should be pleasant to 
look at, or at least not an eyesore, and
2. creative designs, integrated with innovative landscaping are not only practical 
safety approaches, they also enhance the appearance of the outlet and pond and are 
often less expensive initially.
The most potentially effective means of flow reduction are the disconnection of 
contributing roof and paved areas, and the increased use of permeable pavements and 
detention storage. Pratt (1985) states that the design of a drainage system more in 
keeping with the natural drainage of the environment may also involve less expenditure 
on the drainage system. Greater use of infiltration, soakaways and permeable areas may
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also lead to a smaller drainage network, either in areal extent or in the dimensions of its
components.
New residential areas are ideal locations for the introduction of strategies employing
infiltration, for the following reasons:
1. 40-50% of modem residential developments are impermeable, of which 
approximately half is road and pavement and the other half roof surface. For such a 
catchment it has been shown that greater than 60% of storm water runoff originates 
from roof surfaces and that this runoff contributes the earlier and higher flow rates, 
as compared with paved area discharges, in the total outflow hydrograph,
2. the dispersed nature of the impermeable surfaces in residential areas means that 
small scale, local infiltration devices may be provided, which serve limited and 
adjacent areas,
3. the initial construction costs of infiltration drainage may be somewhat less than the 
traditional pipe systems connecting properties to the public sewer. (Such cost 
benefits would be attractive to developers of new property), and
4. the modem practice of separate foul and storm drainage systems has not performed 
as envisaged in limiting the pollution discharged to receiving watercourses, since the 
quality of storm water, even from residential areas has not been as high as 
anticipated.
There are four general methods of storm water infiltration:
1. Plane infiltration: eg simple grassed or open textured surfaces, porous pavements 
and concrete grid pavements
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The infiltration rate of the surface should be equal to or greater than the design 
rainfall intensity,
2. Flat Basin infiltration: eg retention basins and swales, grassed infiltration ditches 
The rates of inflow and infiltration to ground may be assumed constant during an 
event, their difference within the storm duration representing the required storage 
capacity,
3. Dry Well infiltration: eg soakaways
The storage volume of the soakaway may be determined on the basis of storing the 
total storm rainfall, or equating inflow rate to infiltration rate, or on a mass balance 
analysis to determine rise of water level within the chamber during the event, and
4. Trench infiltration
These systems may receive inflow through their top surface directly from adjacent 
ground surfaces or via a porous pipe distributor.
At times of summer thunderstorms, when traditional pipe systems are most under 
pressure, soil moisture deficit is usually high providing ample capacity for ground 
surface infiltration and storage. The weathered surface core may be open-textured and 
have a high storage capacity, and since much surface water is lost by evapo-transpiration 
mechanisms this storage is rarely filled for any length of time during the summer. It is 
during the winter periods, when soil moisture deficit is low, that the possibility of 
problems exist, when storms of high intensity are rare but higher rainfall volumes do 
occur. It becomes important to direct surface flows immediately to the many small 
locations available for safe storage, such as grassed amenity areas, carparks and gardens. 
The authors aimed to show that ground infiltration drainage techniques may provide a 
viable alternative to traditional sewerage. Such systems may lead to initial construction
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cost economies, reduced public maintenance and renewal costs, and to an
environmentally beneficial drainage system.
Draft Guidelines for Stormwater Management Planning were released by the
Sydney Water Board in 1992. The objectives of these guidelines were to:
• ensure that the impacts of development on both the Water Board's and council's 
stormwater systems and downstream receiving waters are properly considered,
• provide guidelines on planning processes for stormwater management to assist 
developers in meeting requirements in the development approval process, and
• help to ensure the ongoing viability of new and existing drainage infrastructure.
The effects of development on both the quantity and quality of runoff are:
• land is disturbed allowing increased potential for erosion of soils,
• non-point pollutant sources such as fertilisers, garden wastes, sewer overflows, 
motor vehicle fallout are introduced,
• impervious surfaces increase runoff volumes and facilitate the wash-off of 
pollutants,
• formalised drainage systems reduce storage of stormwater and speed runoff, and
• these lead to increased peak flows during storm events and increased pollution.
Potential solutions to these problems are explained in the following figure.
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- Retention Basins 
-On-site Detention
- Porous or Rough Surfaces 
-Absorption Pits 
-Reduced Impervious Surfaces 
-Grass or Rough Swales 
-Wet/Dry Retention Basins
- Infiltration Basins
— Trunk Drains
— Council Drains 
Kerb Inlets
— Levees
— Bypass Floodways
- Railway Culverts
- Road Bridges and Culverts
- Remove Constrictions
- Buy Affected Houses
- Raising of Houses
-Wet Retention Basins
- Major GPTs
- Minor GPTs
- Booms 
-Sumps
- Wetlands
- Reduced Disturbed Areas
- Sediment Controls
-Chemical and/or Biological Treatment
— Industrial
— Domestic
— Council Bins
— Recycling Waste
— Street Cleaning Practices
- Miscellaneous Source Controls ■— Zoning Laws
— Public Displays
— Advertisements
— Letter Drops
— Building Controls
— Development Controls
Figure 2.4 Options for control in catchment management
In order to develop long term management plans the catchments under or partly under 
council's control need to be studied in detail to develop comprehensive plans for each 
catchment. Catchment management studies should be carried out to consider the 
following:
Construction stage sediment control 
requirements
Water quality management
Operation and maintenance 
Cost and benefit of works
council's stormwater management plans 
should incorporate measures which 
require developers to submit sediment 
control plans
all future development should 
incorporate water quality controls and all 
existing development should be 
retrofitted with controls (ideally)
this is just as important as the provision 
of structural controls
Affordability and the efficient use of 
funds are key issues
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to develop stormwater management 
plans for various catchments, a 
comprehensive study of flooding should 
be carried out. This should include an 
analysis of the existing flooding regime 
and would normally involve computer 
modelling of catchment processes. The 
models developed should be used to 
assess the impacts of expected 
catchment development to determine the 
most appropriate location for 
development and to provide a clear 
picture of the likely future flooding 
regime. Options for mitigation of 
flooding, such as:
- culvert/pipe/channel upgrading
- levees
- voluntary purchase
- floor raising
- provision of overflow paths
- flow control techniques such as major 
detention basins and on-site detention, 
should also be considered.
Strategic plans act as a vehicle for incorporating catchment management into council's
planning and budgeting processes. A strategic plan for stormwater management could
include the following elements:
• a reiteration of council policy,
• a clear statement of how council intends to implement that policy,
• responsibility for implementation of the policy,
• objectives for stormwater management,
• a staged approach to the issue,
• identification of works/actions required,
• identification of priorities, and
• costings.
Identification of flooding problems and 
options for solution
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The following deals with how councils can cope with stormwater problems in the 
interim period before plans and procedures are in place.
It is considered that the control of the peak flows emanating from a development site 
should only be required where an increase in flows would:
• cause significant additional damage during flood events (eg. flood more 
properties), or
• cause significantly increased risk to life and limb (eg increased flow depth and/or 
velocities)
Where the above are assessed as being unacceptable, the developer should be required 
to incorporate on-site detention into his drainage system. The following on-site 
detention requirements should be used as a guide:
• if required, the developer should incorporate an on-site detention system in his 
development which provides adequate storage to ensure that peak flows that 
would emanate from the developed site during design storms of all durations and 
average recurrence intervals (ARI) of 'X' and 'Y' years are restricted to the X' 
and 'Y' year ARI allowable site discharges,
• the allowable site discharges for ARI's of X ' and 'Y' years are to be taken as the 
flows that would emanate from the development site in its existing conditions 
during a design storm of X ' and rY' years respectively, of duration equal to the 
time of concentration of the catchment,
• for calculation of time of concentration, the catchment should be taken as the 
entire catchment to the point being considered, and
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• 'X' and 'Y' in the above requirements should be taken as being a low ARI of
around 10 years, and the design ARI usually 100 years.
In some cases, where the development is in the lower portion of the catchment, an 
equally effective treatment may be to provide no on-site detention and to upgrade the 
piped drainage system between the development and the main stream. This could allow 
the peak flows emanating from the development to enter the main stream prior to the 
main stream peak flow. In this way, the main stream peak flow would not be affected 
and may indeed be reduced.
Controlling the sources of urban runoff is practical for greenfields development and 
major infill development but has limited application, but still some potential, in 
established urban areas. Some control can be effected by the following techniques:
Innovative road layout design: leads to a reduction in roads per hectare
of development
Road edge treatment: effects the hydrology of a development
in a significant manner. If conventional 
edge treatments such as kerb and 
guttering are used the runoff of 
stormwater is rapid and the amount of 
catchment storage is reduced. If more 
permeable and hydraulically rougher 
edge treatments are used such as grassed 
drainage swales the stormwater runoff is 
retarded and catchment storage is 
increased due to increased flow depths. 
There is also a minor increase in 
infiltration.
In addition, porous pavements and trees have beneficial effects.
Retardation has two major effects:
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• the flow velocities are slower and therefore the response time of the catchment is 
longer,
• the amount of water stored in the channel is greater due to higher flow depths 
and the channel therefore attenuates flows in a similar way to detention basins.
Stormwater detention should be considered at two different levels:
• major detention basins which are used to control runoff from entire catchments 
or significant proportions of catchments,
• OSD basins which are used to control runoff from individual development sites.
The advantages and disadvantages of major and OSD basins are given in the following 
two tables:
Table 2.10: Advantages and Disadvantages of Major Detention Basins
Advantages Disadvantages
Due to scale effects, the total cost is 
relatively low
As the detention basin would need to be 
constructed early in the development 
process the up front cost is relatively 
high and the recovery of costs by council 
from developers is slow
As the number of structures would be 
small, the continued operation of the 
basins can be easily assured through 
regular inspection
Major structures are difficult to site in 
established areas
All developers in a catchment can be 
asked to contribute via Section 94 
contributions if an overall strategy is 
developed
The increase in flows between the 
development and the detention basin 
may require the amplification of the 
drainage system
Major basins allow the incorporation of 
effective pollution control devices
Where the total need of major basins 
results not only from development, a 
commitment of funds from council will 
be needed
Major basins can increase flood hazards 
by storing water to greater depths than 
would otherwise occur
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Table 2.11: Advantages and Disadvantages of OSD Basins
Advantages Disadvantages
The costs of providing structures is met 
by the party causing the problem
As a large number of small structures is 
required the total cost of such structures 
would be relatively high
If council's on-site detention 
requirements are well formulated, the 
community can be assured that no 
adverse effects will result from 
development
As the responsibility for operation and 
maintenance lies with the 
owner/resident, the continued 
effectiveness of the structures cannot be 
assured
This may be the only effective flood 
mitigation option available in developed 
areas apart from the purchase of affected 
properties
In some cases, the incorporation of on­
site detention facilities into a 
development may impact adversely on 
the nature and financial viability of the 
development
In established urban areas where existing 
flood problems occur, the solution of 
these problems is not possible through 
on-site detention because the developer 
cannot be required to reduce flows
If council's on-site detention 
requirements are poorly formulated, 
some detention structures may actually 
increase main stream peak flows
In established areas where 
redevelopment sites are substantially 
paved in their present condition, 
justification of on-site detention 
requirements may be difficult
In some instances, the most appropriate alternative (and most cost effective) may be to 
upgrade the drainage infrastructure such as piped drainage and trunk drainage 
systems. In addition to upgrading, the following options are also available:
• voluntary acquisition of property subject to high hazard,
• flood proofing of urban development, by raising habitable floors above flood level,
• the implementation and application of landuse zoning,
• building and development control, and
• flood warning and evacuation planning.
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Wollongong City Council (1993) developed a drainage design manual whose objective 
is to achieve a uniform standard of stormwater drainage design for all developments 
within the City of Wollongong. The council believes that the achievement of this 
objective will result in the:
• preservation, enhancement and development of the city,
• reduction and control of nuisance flooding,
• control of flooding from extreme rainfall events, and
• increased public convenience and public safety as well as protection of property.
The manual requires the 100 year ARI flood event to be used in assessing the effects of 
flooding on the proposed development site and adjacent properties. The habitable floor 
level shall be 0.5m above the 1 in 100 year ARI flood level.
The council also requires that the proposed development shall not increase the peak 
discharge leaving the site over that which existed prior to development. The method for 
achieving this shall be through the provision of an OSD basin. The manual also details 
the information that the council requires for a developer to submit in order to have 
developments passed.
The Northeastern Illinios Planning Commission (1997) investigated reducing the 
impacts of urban runoff with alternative site design approaches.
The commission found that some common site development standards may actually 
worsen stormwater runoff problems. For example, modem standards which require wide
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streets, expansive parking lots, and artificial drainage systems produce even more runoff 
than similar developments of 40 to 50 years ago.
In recognition of the effect that increased runoff has had on flooding, new development 
often incorporates stormwater detention to slow the release to downstream rivers. 
Unfortunately, this still leaves several runoff-related problems inadequately addressed:
1. Water which runs off urban landscapes can no longer recharge groundwater 
supplies. For communities which depend on locally recharged aquifers, resultant 
water shortages could limit future development and necessitate sprinkling bans and 
other restrictions,
2. Urban runoff causes instability in the drainage system by 1) increasing the high 
flows, which can cause streams to rapidly erode and 2) decreasing the low flows (or 
baseflows), which literally causes small streams and lakes to dry up and concentrates 
pollutants to damaging levels, and
3. While stormwater detention can effectively reduce runoff rates, thereby controlling 
localised flooding, it does little to control the increased volume of runoff caused by 
urbanisation. As a consequence, flooding continues to worsen on larger drainage 
systems, such as the Des Plaines and Fox rivers.
The commission has nominated alternative site designs which may provide a suitable 
solution. There are development options involving alternative stormwater drainage and 
site design approaches which can substantially reduce the identified impacts. These 
alternative development techniques, commonly called best management practices, or 
BMPs, involve measures which accomplish two basic objectives:
1. reduce the amount of impervious surface area, thereby reducing runoff, and
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2. utilise the landscape to naturally filter and infiltrate runoff before it leaves the 
development site.
The commissions recommended site design alternatives include the following:
1. Natural drainage measures: Use of drainage swales, vegetated filter strips, and other 
natural drainage approaches — in contrast to storm sewers, lined channels, and kerbs 
and gutters — will reduce runoff volumes and greatly enhance the removal of 
pollutants from runoff water,
2. Natural detention basin designs: Natural detention designs incorporate features of 
natural wetland and lake systems, such as gradual shoreline slopes, a border of 
wetland vegetation, and areas of open water — in contrast to conventional designs 
which feature dry bottoms or riprap-edged wet basins. Natural designs are much 
more effective in removing stormwater pollutants than conventional wet and dry 
bottom basins,
3. Infiltration practices: Where soils are sufficiently permeable, infiltration trenches 
and basins dramatically reduce surface runoff volumes and naturally recharge 
groundwater,
4. Permeable paving: The use of permeable paving blocks is a recommended 
alternative for low traffic parking areas, emergency access roads, and driveways to 
reduce runoff volumes and pollutant loads,
5. Natural landscaping: Natural landscaping approaches utilize native plants, 
particularly wildflowers, prairie grasses, and wetland species, as an alternative to 
conventional turf grass and ornamental plants, to reduce stormwater runoff and to 
reduce the maintenance needs of conventional turf grass landscaping,
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6. Reduced imperviousness via alternative residential streetscapes: The area of 
impervious surfaces in a residential development can be reduced in several ways: 
utilising narrower streets; reducing setbacks between streets and homes, thereby 
reducing the length of driveways; and by reducing sidewalk widths,
7. Reduced imperviousness via alternative parking lot designs: Impervious surfaces 
also can be reduced in parking lots by downsizing individual parking stalls, sharing 
parking between adjacent users, adjusting peak demand assumptions, and/or banking 
parking until it is needed, and
8. Cluster development/PUDs: Cluster development increases densities on portions of 
a development site to preserve natural land amenities and common open space, 
resulting in substantially less overall impervious area. Planned unit developments 
(PUDs) provide for greater flexibility in the site planning process, allowing the 
inclusion of many of the site design alternatives described above.
When used in combination on a development site, these techniques can remarkably 
reduce both stormwater-related impacts and construction costs. Based on assessments of 
case studies in northeastern Illinois and other parts of the country, it is estimated that 
alternative site design approaches can:
• reduce stormwater runoff volumes by 20 to 70 percent (in comparison to 
conventional development),
• reduce runoff pollutant loads by 60 to 90 percent, and
• reduce site development costs by $1,000 to over $4,000 per lot for residential 
developments and by $9,900 to $24,700 per hectare for commercial/industrial 
developments.
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Other documented benefits of these approaches include reduced infrastructure 
maintenance and replacement costs, improved protection of sensitive natural areas, 
enhanced site aesthetics, improved property values, and greater flexibility of site design.
Clearly, not all of the recommended site design approaches are applicable on all 
development sites. While the recommended alternatives have obvious documented 
benefits, they also may have some disadvantages. From a developer's perspective, some 
of these approaches may entail a more difficult and time consuming local government 
approval process. From a local government perspective, acceptance of some of these 
approaches will require education of local residents and still might result in complaints 
from some residents about "standing water" or "weedy conditions."
Ultimately, it is hoped that stakeholders will thoroughly consider the trade-offs between 
conventional and alternative site design approaches. In this consideration they should 
weigh all the relevant factors, including construction costs, maintenance needs, public 
safety, aesthetics, marketing considerations, as well as the obvious environmental 
benefits.
The commission states that experts are coming to the realisation that while engineered 
solutions are important tools in flood prevention, over-reliance on artificial drainage 
approaches has serious negative consequences. This truth actually has been known for 
quite some time as evidenced by the following observation contained in a joint 
publication of the Urban Land Institute, American Society of Civil Engineers, and 
National Association of Homebuilders from 1975:
Page 2.106
Chapter 2: Literature Review
"Past philosophy sought maximum convenience at an individual site by the most 
rapid possible elimination of excess surface water after a rainfall and the 
containment and disposal of that water as quickly as possible through a closed 
system. The cumulative effects of such approaches have been a major cause of 
increased frequency of downstream flooding, often accompanied by diminishing 
groundwater supplies."
Summary o f Section 2.7: Stormwater Management
The above papers on stormwater management indicate flooding has a significant impact 
on the community and affects 50% of US communities, with 7% of land area being 
flood prone. The typical US response to flooding has been to build structures to control 
the flooding problem.
Since 1970, rather than the conveyance approach, the storage detention approach has 
been adopted, this may result in smaller, less costly drainage systems.
Practitioners also have indicated that there is a requirement to shift from structural to 
non-structural solutions and that flood plain management is an important means of 
achieving this change. An over reliance on artificial drainage approaches has serious 
negative consequences in controlling flooding. The production of a zoning plan for the 
100 year flood plain is the most cost effective alternative for reducing future flood 
damages.
The promotion of the use of infiltration as a viable alternative to manage stormwater is a 
method that should be considered where topography and soil conditions allow.
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Stormwater professionals are also designing drainage systems more in keeping with the 
natural drainage of the environment which may result in less expenditure on the 
drainage system. Greater use of alternative means of managing stormwater may also 
result in a smaller drainage network.
Where development is in the lower portion of the catchment, practitioners have 
identified that an equally effective treatment may be to provide no OSD and to upgrade 
the piped drainage system.
A disadvantage of applying OSD in established urban areas is that where existing flood 
problems occur the solution to these problems is not possible through the imposition of 
OSD. Poorly formulated OSD policy may actually increase peak flows. For any 
implementation of OSD, the issue of maintenance of systems needs to be considered in 
the both the formulation of design standards and the application of systems.
2.8 SUMMARY OF AUSTRALIAN AND RECOMMENDED 
PRACTICE
Various authors in Australia have questioned the need to implement OSD systems 
across catchments. Similarly, Duru (USA) also indicates that the implementation of 
detention systems should only occur where there is a benefit and a requirement to do so.
The literature indicates that the recommended practice is to manage storms up to and 
including the 100 year storm for a catchment. The current policies reflect a desire 
amongst local government to ensure that peak discharges from development sites are
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limited to the pre-development conditions for the full range of storms up to the 100 year 
storm.
The two major methods in applying OSD are the site based and the catchment based 
method. The site based method ensures that the discharge at the outlet of the site is 
limited to the pre-development conditions whereas the catchment based method utilised 
permissible site discharge and site storage requirements on a site to ensure that the net 
effect on the total catchment is managed.
The site based methods require higher discharge and site storage values than those 
specified in catchment based policies, however current practice has raised questions as 
to the effectiveness of the site based method in managing the downstream effects for 
larger storms.
The available literature is generally in agreement that the implementation of OSD is an 
effective tool in managing flooding and assisting in minimising downstream effects,
2.8.1 OSD: first or last resort?
The thinking displayed by practitioners such as O’Loughlin, Nicholas, Bewsher and 
Rose in New South Wales, along with the review of standards occurring within some 
councils (Refer Chapter 3) indicates that there has been a shift in the thinking relating to 
the use of OSD.
Papers by these authors on current practice for OSD in Australia indicate that councils 
are reviewing policies, in some instances, so as to promote other methods of controlling
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site discharge. Due to the lack of feedback on the application of OSD and the 
effectiveness of existing systems, there has been a difficulty for policy makers to 
provide accurate advice on the implementation of systems.
With the problems identified in reliable operation of OSD, as quoted by Nicholas, 
O’Loughlin and Bewsher, due to a lack of maintenance of the systems, there are some 
questions raised as to the usefulness of introducing such systems. With the lack of 
maintenance and the uncertainty as to the standard of construction, there is a real risk 
that the installed systems are operating in a fashion never intended by the design. These 
authors have noted that in such instances, the systems can increase rather than decrease 
flooding in catchments.
The issues relating to OSD operation are such that some councils, such as Gosford City 
Council, promote community type detention basins. In these instances the council 
maintains ownership of the structure and there is some certainty as to the upkeep and 
maintenance of the facility leading to a greater reliability in the management of 
stormwater discharges from the catchment.
OSD as a first or last resort is a question which has evenly split practitioners in 
Australia. The answer appears to be one of maintaining an open mind as to the most 
appropriate solution for a particular site or situation. The review of papers indicates that 
it is important to consider factors such as placement of the facility, the interaction of the 
facility with the overall catchment and to model the various solutions available. There 
is no right answer in the application of a method to manage stormwater runoff.
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2.8,2 OSD: is it worth pursuing in Australia?
Flooding is becoming more of a concern in Australian communities with the increasing 
urbanisation of areas of cities that were once rural/semi-rural in nature. There is a 
requirement from councils to manage stormwater runoff from these newly developing 
areas to ensure that the existing residents do not suffer adversely from the development 
that is taking place.
The sensible implementation of OSD systems where they can be beneficial is one means 
of ensuring that stormwater runoff is managed. The problems with OSD have been 
primarily reported as relating to a lack of knowledge from builders and occupiers, and a 
lack of maintenance to ensure systems operate to the standard designed.
The methods available to stormwater management practitioners include both structural 
and non-structural solutions and the implementation of the solution is dependent on the 
site, the soil conditions and the behaviour of the catchment. This review has indicated 
the importance of undertaking a thorough review of the available options that are suited 
to the problem. Like many problems, a variety of engineering solutions can be applied, 
however, there are a variety of planning and zoning options that are also available and 
should be first investigated for implementation.
Often, the requirement to implement a control on stormwater runoff is due to 
redevelopment of an existing site for which it is necessary to ensure there are no adverse 
effects. In such situations, a structural solution of some type is required to be 
implemented in order to meet the requirements of the development. In such a situation, 
OSD is certainly one of a variety of options that is worth pursuing.
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This review of current practice in stormwater management indicates that OSD is a 
solution to the management of stormwater discharge. The evidence available indicates 
that where OSD is correctly applied and managed, the performance of the system meets 
all the requirements of the design.
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Chapter 3: Council OSD survey
COUNCIL OSD POLICY SURVEY
3.1 INTRODUCTION
This chapter serves to address the first major point of the study in determining the 
current practice and policy of councils in Australia. The results of this survey and 
review of current practice serve to assist in later modelling undertaken to further test 
theories for the application of OSD and also assists in the application and modelling of 
OSD applied to real catchments.
In order to ascertain the current practice and applicable polices for the application of 
OSD, Australian councils were surveyed to determine:
1. whether OSD was applied or being considered,
2. whether the application was based on site, catchment or other criteria,
3. the objectives of the policy
4. comments on the effectiveness of the policy
5. comments on the effectiveness of OSD, and
6. the number of basins/systems implemented in the council area.
A total of 170 councils across Australia were surveyed, with the break up by state 
being:
New South Wales 75
Queensland 15
Victoria 33
South Australia 16
Western Australia 27
ACT 1
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Tasmania 3
The councils surveyed were primarily located in urbanised areas and the survey was 
undertaken by letter and e-mail. There were significantly more councils surveyed from 
New South Wales compared to other states due to:
1) the greater number of urban areas in New South Wales compared to other states, 
and
2) the number of councils in the Sydney metropolitan area (40) compared to say, 
Brisbane, which has one council covering the Brisbane metropolitan area.
The following information was requested from councils participating in this survey:
• a copy of the Councils policy for on-site stormwater detention basins, including 
whether the policy is catchment or site based,
• details on the number of OSD structures constructed in the Council area,
• comments on the effectiveness of OSD for catchments in the Council area, and
• current practice within the Council where OSD is not applied.
The above questions to councils were followed up with further requests for clarification 
and additional information as required by e-mail and telephone.
The survey was undertaken during the period from June 2000 through to February 2001. 
Follow up requests for responses and further information were sent to councils during 
this period in order to assist in ensuring as high a response rate as possible.
The reply rate from councils was:
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New South Wales 76%
Queensland 40%
Victoria 33%
South Australia 31%
Western Australia 26%
ACT 100%
Tasmania 66%
A listing of the councils surveyed is supplied in Table 3.1.
Table 3.1 Councils Surveyed
Council Surveyed Nil Response (x)
NSW
Ashfield Municipality 
Auburn Council X
Ballina Shire Council X
Bankstown City Council 
Bathurst City Council 
Bega Valley Shire Council 
Blacktown City Council
X
Blue Mountains City Council 
Botany Bay Council 
Burwood Council
X
Byron Shire Council 
Camden Council X
Campbelltown City Council 
Canterbury City Council 
Casino Council X
Cessnock City Council
Coffs Harbour City Council
Concord Council (now Canada Bay)
Drummoyne Council (now Canada Bay)
Fairfield City Council
Gosford City Council
Grafton City Council
Great Lakes Council
Greater Taree City Council
X
Hastings Council 
Hawkesbury City Council 
Holroyd City Council
X
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Council Surveyed
Hurstville City Council 
Kempsey Shire Council 
Kogarah Municipal Council 
Ku-Ring-Gai Municipal Council 
Lake Macquarie City Council 
Lane Cove Council 
Leichhardt Municipal Council 
Lismore City Council 
Lithgow City Council 
Liverpool City Council 
Maitland City Council 
Manly Council 
Marrickville Council 
Mosman Municipal Council 
Municipality of Hunters Hill 
Municipality of Kiama 
Muswellbrook Shire Council 
Nambucca Shire Council 
Newcastle City Council 
North Sydney Council 
Parramatta City Council 
Penrith City Council 
Pittwater Council 
Port Stephens Council 
Queanbeyan City Council 
Randwick City Council 
Richmond Valley Council 
Rockdale City Council 
Ryde City Council 
Shellharbour City Council 
Shire of Baulkham Hills 
Shire of Hornsby 
Shoalhaven City Council 
Singleton Shire Council 
South Sydney City Council 
Strathfield Municipal Council 
Sutherland Shire Council 
Tamworth City Council 
The City of Sydney 
Tweed Shire Council 
Wagga Wagga City Council 
Warringah City Council 
Waverley Council 
Willoughby City Council 
Wingecarribee Shire Council 
Wollondilly Shire Council 
Wollongong City Council 
Woollahra Municipal Council 
Wyong Shire Council
Nil Response (x)
x
X
X
X
X
X
X
X
X
X
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Council Surveyed Nil Response (x)
Queensland
Brisbane City Council
Cairns City Council X
Gatton Council X
Gold Coast City Council
Hervey Bay City Council
Ipswich City Council X
Logan City Council X
Maroochy Shire Council X
Maryborough City Council
Mount Isa City Council X
Noosa Council
Redcliffe City Council X
Rockhampton City Council X
Toowoomba Council
Townsville Council X
South Australia
Adelaide City Council
Adelaide Hills Council X
Alexandrina Council X
Burnside City Council
Campbelltown City Council
Gawler City Council
Holdfast Bay City Council X
Marion City Council X
Mitcham City Council X
Murray Bridge Council X
Port Adelaide Enfield City Council X
Port Augusta City Council
Prospect City Council X
Salisbury City Council X
West Torrens City Council X
Whyalla City Council X
Western Australia
Albany City Council X
Armadale City Council X
Canning City Council
Cottesloe Town Council X
Derby-West Kimberley Shire Council X
East Fremantle Town Council X
Esperance Shire Council X
Exmouth Shire Council X
Fremantle City Council X
Geraldton City Council X
Gosnells City Council X
Joondalup City Council
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Council Surveyed Nil Response (x)
Kwinana City Council X
Mandurah City Council X
Manjimup Shire Council X
Melville City Council X
Mosman Park Town Council X
Narrogin Town Council
Perth City Council X
Rockingham City Council X
South Perth City Council
Stirling City Council
Subiaco City Council
Swan Shire Council X
Victoria Park Town Council X
Vincent Town Council
Wanneroo Town Council X
ACT
ACT Department of Urban Services
Tasmania
Devonport City Council
Hobart City Council
Launceston City Council X
Victoria
Ballarat City Council
Banyule City Council X
Bass Coast Shire Council X
Bayside City Council X
Boroondara City Council X
Brimbank City Council X
Casey City Council X
Darebin City Council X
Frankston City Council
Glen Eira City Council X
Greater Bendigo City Council
Greater Dandenong City Council X
Greater Shepparton City Council
Hobsons Bay City Council X
Hume City Council X
Kingston City Council X
La Trobe Shire Council X
Manningham City Council
Maroondah City Council
Melbourne City Council X
Monash City Council X
Moonee Valley City Council
Moreland City Council X
Port Phillip City Council X
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Council Surveyed
Stonnington City Council 
Surf Coast Shire Council 
Wangaratta Rural City Council 
Warrnambool City Council 
Whitehorse City Council 
Whittlesea City Council 
Wodonga Rural City Council 
Wyndham City Council 
Yarra City Council
Nil Response (x)
x
X
X
X
X
The results of this survey are summarised in Tables 3.2 and 3.3, and a more thorough 
discussion of the survey results follows each of the tables.
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3.2 NEW SOUTH WALES SURVEY RESULTS
Table 3.2 NSW Councils
Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
Ashfield Municipality Site OSD of stormwater is required to limit 
discharges from developments to pre 
development conditions. Council’s OSD 
requirements have been formulated to ensure 
there is no increase in discharges adjacent to 
the site or elsewhere in the catchment for 
virtually all rainfall events through to 100 years 
ARI.
No record of
installed
systems
Bathurst City Council No policy Not applicable
Bega Valley Shire 
Council
No policy Occasionally a condition is imposed at the 
discretion of the Council.
Not applicable
Blacktown City Council Catchment 
and Site 
based (for 
those areas 
outside of the 
Upper 
Parramatta 
River 
Catchment 
Trust area)
Maximum PSD to be 80 
1/s/ha.
Minimum SSR is 470 
m3/ha.
Minimum outlet size with 
an internal screen is to be 
25mm internal diameter.
The overall aim of the catchment OSD policy is 
to ensure that new developments and 
redevelopments do not increase peak 
stormwater flows in any downstream area 
during major storms up to and including 100 
year ARI events.
Outside the UPRCT area a localised site based 
OSD is used. In this case the developed 20 
year ARI runoff from the site shall be reduced 
to the undeveloped 5 year ARI discharge. 
Provision is to be made for 100 year ARI flows 
through the structure.
Over 300 in 
place.
Generally, a 
large system 
maintained by 
a body 
corporate is 
more effective 
than a single 
system
maintained by 
a single 
property 
owner.
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
Botany Bay Council Site-
utilising
absorption
Any stormwater discharge from the site shall 
be no more than for a 1 in 5 year 6 minute 
storm or the pre-development existing flow for 
the property, whichever is smaller.
Councils preferred method is absorption. As a 
minimum requirement the 1 in 5 year 6 minute 
storm shall be absorbed on site.
Council also promotes the re-use of stormwater 
for non-potable uses.
No record of
installed
systems
Burwood Council Site OSD of stormwater is required to limit 
discharges from developments to pre 
development conditions. Council’s OSD 
requirements have been formulated to ensure 
there is no increase in discharges adjacent to 
the site or elsewhere in the catchment for 
virtually all rainfall events through to 100 years 
ARI.
No record of
installed
systems
Byron Shire Council Site Restrict development to pre development flows 
for all storms to the 1% AEP storm event.
No record of
installed
systems
Campbelltown City 
Council
No policy Flood mitigation scheme, utilising detention 
basins is deemed to provide sufficient flood 
protection.
Not applicable
Canterbury City Council Site Maximum PSD is 150 
1/s/Ha for a 1 in 10 year
Sufficient storage shall be provided to ensure 
that peak flowrates from the site are not
Approximately
1000
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
storm event.
A minimum of 75% of the 
site area shall drain through 
the OSD.
increased to the downstream stormwater 
system in the design storm. To achieve this a 
maximum PSD is specified for all 
developments within the council area.
The design shall provide for on site storage 
from a storm with an ARI of:
10 years where overland flow paths are not 
through private property,
100 years where overland flow paths are 
through private property.
No register 
maintained
Cessnock City Council Site 3 or greater residential units; 
all commercial and 
industrial
Detention basins are to be designed so as not to 
increase the limits of upstream and downstream 
flooding for all floods over the range of 1:1 to 
1:100 year Average Recurrence Interval 
storms.
100+
Coffs Harbour City 
Council
Site Development in existing developed areas are to 
limit discharge to predeveloped conditions.
The on site drainage system is to be designed 
so that the estimated peak flow rate from the 
site for the design average recurrence interval 
(ARI) of the receiving system is no greater than 
that which would be expected from the existing 
development.
No record of
installed
systems
City of Canada Bay 
(incorporating former 
Concord Council and
Site OSD of stormwater is required to limit 
discharges from developments to pre 
development conditions. Council’s OSD
Approximately
100
______________ ,
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
Drummoyne Council) requirements have been formulated to ensure 
there is no increase in discharges adjacent to 
the site or elsewhere in the catchment for 
virtually all rainfall events through to 100 years 
ARI.
OSD is of 
limited use as 
the area is 
already 
substantially 
developed.
Fairfield City Council Catchment For urban areas the 
following PSD needs to be 
identified by the OSD:
the maximum PSD for the 9 
hour 100 year ARI is to be 
1401/s/ha; and the maximum 
PSD for the shorter 
duration, 5 and 100 year 
ARI storm events is to be 
limited to the pre-developed 
site discharge.
The following equations are 
to be utilised for estimating 
storage volume:
A) for High Early 
Discharge:
V= 3 2 A/1000
To minimise increases in the frequency and/or 
the severity of surcharging of the local drainage 
system resulting in downstream flooding 
problems;
To minimise increases in flood levels on the 
major trunk drainage networks and on the creek 
systems.
To emphasise that OSD drainage requirements 
within the urban area need to be integrated with 
the architectural design and layout of the 
development in order that adequate storage 
areas can be located in the very early stages of 
the building design process.
No record of
installed
systems
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
B) for Runoff Routing 
Calculations: 
V=22A/1000
where:
V= volume in m3 
A= total site office in m2.
For Rural areas the PSD is 
78 1/s/Ha
Gosford City Council Catchment * SSR 43nr' per 1000m2 
(= 430m3/Ha)
PSD 16 L/s per 1000m2 
(=160 L/s/Ha)
OSD and community detention basins (CDB) 
shall be provided in areas as shown on 
Council’s Stormwater Detention Maps unless it 
can be clearly shown by detailed analysis that it 
is not required or mitigation works can be 
provided to overcome the adverse affects or 
there is no significant consequence by the 
increase in flows.
Councils prefer CDB over OSD where it is 
considered more suitable and can be provided 
to an adequate size and satisfactory 
construction and safety standards can be met.
No record of
installed
systems
Great Lakes Council Policy in 
development
At present, developers shall supply OSD if 
deemed necessary by the Council.
No record of
installed
systems
Greater Taree City Site To control stormwater runoff from | No record of |
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
Council development sites such that peak discharge 
from the site does not exceed that prior to 
development.
installed
systems
Hastings Council No policy. General requirement is that any increased 
runoff due to development be managed so as 
not to cause any downstream property.
Not applicable
Holroyd City Council Catchment Maximum PSD to be 80 
1/s/ha.
Minimum SSR is 470 
m3/ha.
Minimum outlet size with 
an internal screen is to be 
25mm internal diameter.
The overall aim of the catchment OSD policy is 
to ensure that new developments and 
redevelopments do not increase peak 
stormwater flows in any downstream area 
during major storms up to and including 100 
year ARI events.
No record of
installed
systems
Hurstville City Council Site OSD systems may be constructed to ensure that 
there is no adverse impact from stormwater 
runoff on downstream property or aquatic 
environments as a result of development in the 
catchment for all storm events up to and 
including a 100 year ARI event.
No record of
installed
systems
Kogarah Municipal 
Council
Site OSD systems may be constructed to ensure that 
there is no adverse impact from stormwater 
runoff on downstream property or aquatic 
environments as a result of development in the 
catchment for all storm events up to and 
including a 100 year ARI event.
No record of
installed
systems
Ku-Ring-Gai Municipal 
Council
Catchment Catchment PSD SSR 
Middle Harbour 166 241
OSD systems shall be designed to reduce the 
peak runoff from the developed site for a one in
No record of 
installed
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
Lane Cove River 166 241 fifty year storm to the runoff that would have systems
Hawkesbury River 166 241 occurred in a state of nature in a one in twenty
Loftberg Quarry Ck 153 272 year storm of a duration equal to the natural
Lady Game Ck 147 287 time of concentration of the overall drainage
Blue Gum Ck 147 287 system at the point where Council’s farthest
Blackbutt Ck 141 302 downstream drainage facility is situated.
Ku-ring-gai Ck 139 308
Moores Ck 136 315
Spring Gully Ck 134 320
Coup Ck 132 325
Fox Valley 129 332
Gordon Ck 128 336
Rocky Ck 124 345
Avondale Ck 102 398
Cowan Ck 96 414
Lovers Jump Ck 94 417
Lake Macquarie City Site Inflow shall be based on runoff from the Approximately
Council developed site. A 1 in 20 year ARI storm shall 382, generally
be adopted. driveway or
The maximum outflow from the basin shall be carpark
computed on a 1 in 5 year ARI storm, based on depressions,
runoff from the undeveloped site. sometimes
tank system.
Lane Cove Council Catchment PSD < 140 1/s Stormwater runoff from new developments Approximately
SSR = 0.025nf for each shall not exceed the runoff from the total site 100
square metre of OSD prior to the proposed development, for all
catchment storms up to an including the 100 year event.
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
Leichhardt Municipal 
Council
Site Developed lOOyrARI to 
reduce to pre development 5 
yr ARI
OSD of stormwater is required to limit 
discharges from developments to pre 
development conditions. Council’s OSD 
requirements have been formulated to ensure 
there is no increase in discharges adjacent to 
the site or elsewhere in the catchment for 
virtually all rainfall events through to 100 years 
ARI.
Approximately
230
Lismore City Council No policy Not applicable
Liverpool City Council No policy,
currently
under
development
OSD dealt with on a site by site basis at the 
discretion of the Chief Engineer.
No record of
installed
systems
Maitland City Council Site OSD is required for all development except:
1. single unit dwelling houses or dual 
occupancies
2. areas where communal basins have 
previously been provided.
OSD is required for developments so as to 
maintain the efficiency of Council’s piped 
drainage system.
No record of
installed
systems
Manly Council Site OSD systems may be constructed to ensure that 
there is no adverse impact from stormwater 
runoff on downstream property or aquatic 
environments as a result of development in the 
catchment for all storm events up to and
No record of
installed
systems
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
including a 100 year ARI event.
Marrickville Council Site OSD of stormwater is required to limit 
discharges from developments to pre 
development conditions. Council’s OSD 
requirements have been formulated to ensure 
there is no increase in discharges adjacent to 
the site or elsewhere in the catchment for 
virtually all rainfall events through to 100 years 
ARI. For developments greater than 1000 sq m 
in area, allowable discharges will be limited to 
the equivalent fully pervious discharges for the 
site area.
No record of
installed
systems
Muswellbrook Shire 
Council
No policy ■ Not applicable
Nambucca Shire Council No policy Not applicable
Newcastle City Council Catchment OSD is required to limit 
stormwater discharges to a 
PSD determined in 
accordance with the 
following:
Storage volume
17.0m3/1000m2 (2) 
PSD 14.0 1/s/l 000m2 <2) 
Maximum area of 
undetained discharge (1)
15% of developed
area
The objective of the policy is to ensure that 
development is compatible with the design 
capacity of the existing public drainage system, 
thereby avoiding increased incidence of 
downstream flooding.
Council has 
over 300 OSD 
systems in 
place.
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
PSD reduction for 
undetained impervious area 
0.4 l/s/10m2
(1) Where more than 15% of 
the developed site is 
undetained a separate 
detention basin for the 
undetained area must be 
provided
('2) Based on total site area. 
For schools, hospitals and 
other institutional type 
developments and carparks 
and playing fields, the total 
site area is not appropriate 
and instead the area of the 
increase in impervious 
surface should be used.
North Sydney Council No policy Actively discourage the use of OSD, based on 
the ongoing maintenance costs, the difficulty in 
keeping records and their perceived 
effectiveness -  especially in the long term.
Not applicable
Parramatta City Council Catchment Maximum PSD to be 80 
1/s/ha.
Minimum SSR is 470
The overall aim of the catchment OSD policy is 
to ensure that new developments and 
redevelopments do not increase peak
No record of
installed
systems
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
nrVha.
Minimum outlet size with 
an internal screen is to be 
25mm internal diameter.
stormwater flows in any downstream area 
during major storms up to and including 100 
year ARI events.
OSD shall be designed to reduce the runoff 
from the site in the design recurrence interval 
storm, to that which would have been 
experienced in a 1 in 5 year storm for the 
undeveloped site.
Penrith City Council Site The OSD system should be designed to restrict 
post development flows to the pre development 
flows for all storms up to and including the 1 % 
Average Exceedance Probability storm event.
The PSD for pre development conditions shall 
use a maximum impervious area of 35%.
A minimum of 50% of the site should drain 
through OSD storage.
No record of
installed
systems
Pittwater Council Site OSD shall account for the total development 
site area for calculation purposes.
The objective of OSD is to ensure that for all 
rainfall events up to and including the 1 in 100 
year ARI event, new developments and re­
development do not increase flooding or 
stormwater flows in any downstream areas.
No record of
installed
systems
Port Stephens Council Site Stormwater detention is to ensure that post­
development discharge from the detention
No record of 
installed
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
basin will not exceed the pre-development 
discharge from the site.
systems
Randwick City Council Site PSD = CIA/3600
where Cio= 0.6054 
SSR
All stormwater runoff in excess of the PSD up 
to the 1 in 100 year storm is to be retained on 
the site for gradual release to Council’s 
stormwater system.
To prevent damage to both Council and private 
property and to prevent nuisance and risk to the 
public, by controlling the disposal of 
stormwater.
To control the release of stormwater into the 
Council’s drainage system so that the capacity 
of the Council’s system is not exceeded.
No record of
installed
systems
Richmond Valley 
Council
No policy Not applicable
Rockdale City Council Catchment 
Based -  
Swinburne 
method
The PSD is limited to the 
values which the 
downstream drainage 
system received from the 
site in the pre-development 
condition up to the 1 in 50 
year ARI storm event.
PSD and corresponding 
SSR are determined using 
the Swinburne Method or 
similar alternative methods.
OSD is to apply where the soil conditions do 
not permit the absorption of water into the site. 
Where site conditions permit absorption of part 
of the site, a combination of retention and 
detention systems can be used.
OSD requires the discharge from the site to be 
limited to that which would have occurred 
under existing conditions, that is prior to the 
proposed development. The maximum 
impervious coverage allowed for the “pre­
development condition” is 50% of the total site
Approximately
180,
limitations are 
resources to 
inspect and 
ensure that 
systems are 
adequately 
maintained.
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
area. Limiting the site discharge leads to 
stormwater being temporarily stored on-site 
and later released when the storm finishes.
Ryde City Council Catchment
based
Council area divided into 
zones for which PSD and 
SSR are derived from a 
calculation sheet
OSD of stormwater is required to limit 
discharges from developments to pre 
development conditions for all rainfall events 
through to 100 years ARI.
No record of
installed
systems
Shellharbour City 
Council
No policy Apply the general rule that post development 
peak discharge should not exceed the pre­
development peak discharge for storms from 
5yr ARI to lOOyr ARI, with durations from 
5min to 72 hours.
Less than 10
Shire of Baulkham Hills Catchment Maximum PSD to be 80 
1/s/ha.
Minimum SSR is 470 
m3/ha.
Minimum outlet size with 
an internal screen is to be 
25mm internal diameter.
The overall aim of the catchment OSD policy is 
to ensure that new developments and 
redevelopments do not increase peak 
stormwater flows in any downstream area 
during major storms up to and including 100 
year ARI events.
OSD shall be designed to reduce the runoff 
from the site in the design recurrence interval 
storm, to that which would have been 
experienced in a 1 in 5 year storm for the 
undeveloped site.
No record of
installed
systems
Shire of Hornsby Other -  on 
site retention
No record of
installed
systems
Shoalhaven City Council Site based All large developments which increase No record of
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
impervious area considerably are required to 
provide on site storage to reduce the post 
development runoff to the level of pre 
development runoff for all rainfall events up to 
the 1% event.
installed
systems
South Sydney City 
Council
Site The detention system should contain the site 
runoff for up to the 20 year ARI rainfall event 
for all durations (up to 12 hours).
No record of
installed
systems
Strathfield Municipal 
Council
Catchment The OSD storage is to be 
designed to the 
storage/discharge 
relationship appropriate to 
the development type.
OSD of stormwater is required to limit 
discharges from developments to pre 
development conditions. Council’s OSD 
requirements have been formulated to ensure 
there is no increase in discharges adjacent to 
the site or elsewhere in the catchment for 
virtually all rainfall events through to 100 years 
ARI.
No record of
installed
systems
Sutherland Shire Council Site OSD systems may be constructed to ensure that 
there is no adverse impact from stormwater 
runoff on downstream property or aquatic 
environments as a result of development in the 
catchment for all storm events up to and 
including a 100 year ARI event.
No record of
installed
systems
Tam worth City Council Site No specific policy, but OSD is implemented in 
order to limit the impact of new developments 
within a catchment on areas downstream of the 
development.
5
Tweed Shire Council Policy in Proposed maximum PSD of To ensure that stormwater runoff and drainage No record of
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
development. 
To be site 
based.
2001/s/ha. A lower PSD 
may be required if 
downstream drainage is 
unable to satisfactorily 
accept this flow.
Site storage volume is to be 
the maximum required for 
the range of events up to 
100 year ARI.
is managed to ensure that no or minimal 
adverse impact on the surrounding, upstream 
and downstream environment. This may 
require minimising peak stormwater flows 
from the site to be compatible with downstream 
drain capacity. Peak stormwater discharges 
will not be permitted to exceed pre 
development rates.
The proposed policy promotes site stormwater 
retention by infiltration.
installed
systems
Warringah City Council Site OSD will not be required where the site of the 
development is located within a 1 in 100 year 
ARI flood plain and it can be demonstrated that 
lessor storm events will also flood the site.
The objective of OSD is to ensure that the site 
stormwater runoff after any development does 
not exceed the site runoff prior to the 
development.
A minimum of 40% of the total site must be 
directed through the OSD system.
No record of
installed
systems
Waverley Council Site OSD systems may be constructed to ensure that 
there is no adverse impact from stormwater 
runoff on downstream property or aquatic 
environments as a result of development in the
No record of
installed
systems
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
catchment for all storm events up to and 
including a 100 year ARI event.
Willoughby City Council Catchment SSR as follows: 
Zone 1: 327m3/Ha 
Zone 2: 360 
Zone 3: 380 
Zone 4: 315 
PSD as follows: 
Zone 1: 225 1/s/Ha 
Zone 2:170 
Zone 3: 180 
Zone 4: 136
The objective of this policy is to limit peak 
flow discharges throughout each catchment to 
existing rates for all storm frequencies and 
storm duration up to and including the 1 in 100 
year ARI storm event.
No record of
installed
systems
Wingecarribee Shire 
Council
No formal 
policy
The use of detention may be required by the 
Shire Engineer. In such instances the basin 
shall contain discharge for the 1 in 100 ARI 
storm, such that no increase in peak discharge 
occurs when compared to pre development 
conditions.
No record of
installed
systems
Wollongong City 
Council
Site# To control stormwater runoff from 
development sites such that for 1 in 5 year ARI 
events and greater, peak discharge from the site 
does not exceed that prior to development. 
Sufficient storage volume is to be provided 
such that the combination of pipe outflow and 
weir overflow does not exceed the maximum 
permissible outflow determined using the 
triangular hydrograph method.
Approximately
4500
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
Woollahra Municipal 
Council
Site Where the discharge rate to Council’s system 
exceeds the capacity of the subsurface system, 
or the rate to the gutter exceeds 251/s, on site 
detention and/or retention may be required.
No record of
installed
systems
Wyong Shire Council Site# OSD will be required where considered 
necessary by the Council on redevelopment 
sites to attenuate the runoff to discharge levels 
expected from the predeveloped site, for the 
minor and major events.
Calculations are to include any upstream 
catchments which contribute to the runoff. 
Various storms are to be modelled to determine 
the critical duration both pre and post 
development.
Enclosed structure are not recommended due to 
maintenance problems and possible health 
problems.
No record of
installed
systems
Notes:
1. Parramatta and Holroyd Councils policies are as per the Upper Parramatta River Catchment Trust policy and OSD Handbook.
# a new policy is currently under development
* recently adopted and implemented.
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3.2.1 DISCUSSION of NSW Survey Results
Almost 80% of the councils surveyed whom provided results had a policy of some type 
in place. The majority of councils (68%) relied on policies of a site based nature, with 
30% of councils utilising a catchment based approach. This level of site based policy 
use may be surprising to some, especially when compared to the literature which 
includes statements such as:
“Some Councils are currently using site specific methods.
Site specific analysis ignores many factors, and is inaccurate. It does not take into 
account the down stream conditions, and for that reason this method is not 
recommended.” (Rogers, 1994).
However, with the demands on councils and the level of available resourcing, it is not 
unexpected that site based policies would be a popular means of introducing a policy of 
sorts to combat the demands of increasing urbanisation and redevelopment.
The survey results have a second surprise — related to knowledge of the systems 
implemented. Even though the majority of councils in the Sydney metropolitan area 
have a requirement for the implementation of OSD, there is very little in the way of 
records of systems implemented maintained by these councils. These results indicate 
that 25% of the councils with a policy in place are maintaining a register of the systems 
implemented.
During the survey of councils in New South Wales, specific feedback was received 
from Gosford Council stating preference for the implementation of community
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detention basins (CDB’s) in lieu of OSD. The community detention basin is 
constructed, owned and operated by the council. Council believes such basins are more 
cost efficient than smaller basins and there is a reasonable certainty within council that 
such basins will operate as originally designed.
Gosford Council is also attempting to encourage measures to maximise the use of 
infiltration to groundwater and on-site use of stormwater in order to restore the level of 
runoff and infiltration on each site towards natural levels. There are two reasons for this 
objective:
1. there are some catchments where groundwater is important, and
2. the council recognises that degradation of stream habitats is exacerbated by 
additional volumes of stormwater directed to these systems.
Rockdale and Hornsby Councils are examples of other councils investigating and 
implementing alternative measures other than OSD for the control of stormwater 
discharge. These measures include stormwater retention and recharge of groundwater.
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3.3 REMAINDER OF AUSTRALIA SURVEY RESULTS
Table 3.3 Remainder of Australia
Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
Queensland
Brisbane City Council No policy, 
currently 
developing 
guidelines 
which will be 
site specific.
Guidelines will require a reduced impact 
downstream of development. Location of site 
within catchment and site characteristics will 
be taken into account in determining a need for 
OSD.
No record of
installed
systems
Gold Coast City Council No policy, a
catchment
based
approach is 
to be adopted 
with the 
policy under 
development.
No record of
installed
systems
Hervey Bay City 
Council
No specific 
policy
Council discourages OSD in favour of 
collecting a drainage contribution toward the 
provision of trunk drainage infrastructure by 
Council. This includes the provision of major 
off site detention basins.
A trunk drainage strategy is prepared for each 
major catchment in the city. The infrastructure 
is designed to convey and detain catchment 
discharge to minimise effects on downstream 
property -  ideally to predevelopment discharge.
No record of
installed
systems
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
Maryborough City 
Council
No specific 
policy
The city’s infrastructure is designed to convey 
and detain catchment discharge to minimise 
effects on downstream property -  ideally to 
predevelopment discharge. This includes the 
provision of major off site detention basins.
No record of
installed
systems
Noosa Council No policy Those in place were provided by developers, 
and were driven in the past by economics rather 
than environmental issues.
Less than 10, 
located in the 
sandy areas 
and which 
work well.
Toowoomba Council No formal 
policy
OSDs are permitted in certain situations where 
stormwater infrastructure is located some 
distance away from the proposed development. 
Council has completed catchment management 
strategies for all its major watercourses. OSD 
was considered but discarded in favour of a 
more regional approach to detention because of 
the potential difficulties concerning 
maintenance/ responsibility funding of 
numerous small basins throughout the 
catchment rather than a few centralised basins.
No record of
installed
systems
South Australia
Adelaide City Council No policy, 
but utilise 
catchment 
modelling to 
assess impact
2 detention 
basins recently 
constructed
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
of
development.
Burnside City Council No policy but 
assessment is 
made on a 
site basis
Current development principle states that 
development should take place in a manner 
which is not liable to cause a nuisance. 
Currently proposing to include measures for 
conservation of water and limiting discharge 
from site. There is interest in retaining 
stormwater in the catchment for storage in 
underground aquifers. Aimed more at retention 
than detention.
No record of
installed
systems
Campbelltown City 
Council
Site Calculations shall assume a 
quantity of water based on a 
minimum of 75% 
impervious area or that 
which is proposed -  
whichever is the greater, for 
the 20 year storm, and a 
maximum discharge rate 
based on 40% impervious 
area for the 5 year storm. 
Calculations shall use 
i=65mm/h for a 1 in 5 year 
storm and 90mm for a 1 in 
20 year storm , both of 
1 Ominutes duration.
Stormwater disposal from all industrial sites 
and from residential sites with 3 or more 
domestic dwellings are to comply with the 
Council’s stormwater detention policy.
The stormwater drainage system is to be 
designed to control the discharge of stormwater 
from land such that:
for all rainfall events up to a 20 year (AR1) 
storm, the rate of discharge shall not exceed 
that for a 5 year (ART) storm.
The drainage system shall be designed to retain 
or detain the difference.
No record of
installed
systems
Gawler City Council No policy Assessment is made based upon 4 detention
Page 3.29
Chapter 3: Council OSD survey
Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
recommendations of stormwater studies 
conducted over the past 12 years. As areas are 
developed, the need for OSD is considered 
based on catchment size and the capacity of the 
downstream pipe network.
basins
Port Augusta City 
Council
No policy Not applicable
Western Australia
Canning City Council No policy Less than 10
Joondalup City Council Site No record of
installed
systems
Narrogin Town Council No policy Nil in place
South Perth City Council No policy OSD will be useful to extend the life of the 
drainage network built when one, three and five 
year recurrence intervals are the normal 
duration.
Nil in place
Stirling City Council No policy Runoff from lots is not generally accepted into 
the City’s piped road drainage system. 
Development approval conditions generally 
require that industrial/commercial and group 
housing sites dispose of stormwater on site 
utilising a system of soak wells. Where high 
ground water table levels are encountered, an 
overflow from an interconnected soakwell 
system into the City’s piped system may be 
approved.
Not applicable
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
The piped drainage system under the City’s 
control includes a number of below ground 
detention basins to provide flow attenuation at 
critical locations. Monitoring of these basins 
has shown them to work effectively.
Subiaco City Council No policy 100% discharge into a controlled pipe main 
drain network.
Not applicable
Vincent Town Council No policy Not applicable
ACT
ACT Department of 
Urban Services
Site at 
present, 
catchment 
based in draft 
form
To counter the adverse effects of urban 
consolidation and renewal by minimising the 
likelihood of increased peak flows and flooding 
in downstream areas.
The policy has not been developed to fix 
inadequacies with existing urban stormwater 
systems.
OSD shall be required to limit the 5 year ARI 
and 100 year ARI peak flow rates to those of 
the existing site (pre development condition).
6 constructed, 
188 others 
have had 
designs 
approved.
Due to 
problems 
policing 
policy, ACT 
are looking at 
dropping OSD 
completely and 
adopting a 
“Section 94” 
type
contribution
from
developers.
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
This would be 
used to fund 
improvements 
to municipal 
drainage 
systems that 
have become 
overloaded as 
a result of 
urban
consolidation.
Tasmania
Devonport City Council No policy 2 basins, 
designed on a 
catchment 
basis
Hobart City Council No policy OSD only required in a handful of cases due to 
the hilly terrain and limited annual rainfall 
(approx 625mm per annum).
Not applicable
Victoria
Ballarat City Council Catchment No record of
installed
systems
Frankston City Council Site Require the 10 year outflow to be restricted to 
the equivalent of a 5 year pre redevelopment 
flow.
Also collect a levy from high density
No record of
installed
systems
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
developments in order to fund later upgrading 
of the existing drainage system.
Greater Bendigo City 
Council
No policy The OSDs have been very effective in reducing 
the peak storm flows downstream, in particular 
for the 100 year ARI storm.
17 within the 
city area
Greater Shepparton City 
Council
Site Designed to accommodate a 1 in 100 year 2 
hour storm event, reducing peak flow to that 
for the 1 in 5 year critical storm for 
undeveloped conditions.
Use retardation 
basins.
Manningham City 
Council
Site based -
utilises
Swinburne
method
OSD4.
PSD and corresponding 
SSR are determined using 
the Swinburne Method or 
similar alternative methods.
For new development increasing the 
impervious area by 30% or more, then runoff is 
to be curtailed through the use of OSD to limit 
discharge to pre-development conditions for 
the 5 year ARI.
No record of
installed
systems
Maroondah City Council Site No record of
installed
systems
Moonee Valley City 
Council
No policy Not applicable
Stonnington City 
Council
Other, based 
on
catchment.
Does not favour OSD systems. Considers on a 
catchment basis if a stormwater detention 
system is needed as part of the drainage 
improvement program. These systems 
comprise oversize stormwater pipes 
constructed in duplicate within the road 
reservation and provided with a restricted 
outlet.
The units have 
saved council 
having to 
increase the 
capacity of its 
existing 
drainage 
system at the
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Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
low end of a
catchment
where
overland flow 
can be better 
tolerated.
Wangaratta Rural City 
Council
Site Stormwater Management Systems shall be 
provided for all residential and industrial 
developments where the permissible 
impervious fraction is exceeded, namely 40% 
for residential and 50% for industrial.
The permissible site discharges are to be 
calculated using a 1 in 10 year ARI for 
residential areas and a 1 in 20 year ARI for 
industrial areas.
A limited 
number have 
been installed.
The stormwater run-off from the site is not to 
exceed the pre-development flow at any point 
down stream of the site for a 1 in 10 (or 1 in 20) 
year ARI. The storage volume is to be 
sufficient to restrict the lin 10 (or lin 20) year 
ARI discharge to the permissible site discharge.
Wyndham City Council No formal 
policy
An assessment of drainage infrastructure has 
been undertaken in order to enable a 
determination of what service upgrades are 
required.
This assessment recommends that for any
No record of
installed
systems
Page 3.34
Chapter 3: Council OSD survey
Council Catchment 
or site based 
or other
Parameters OSD Objective and Comments Number
Implemented
higher density development area within the 
council boundaries, it must retard flows in 
excess of the existing conditions within the 
development site.
Yarra City Council No policy Some developments may be required to limit 
the discharge capacity of their stormwater to 
match that of council’s drainage infrastructure, 
to which it discharges. Typically, this retention 
would be contained in their low level off street 
carpark.
Not applicable
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3.4 SURVEY SUMMARY
3.4.1 NEW SOUTH WALES
Of the 75 Councils in New South Wales surveyed, 58 provided a response, equating to a 
response rate of 77%. Of the 58 responses, the results can be summarised as follows:
No policy 11 (19%)
Policy in place 44 (76%)
Policy in development 3 (5%)
Comparison of Policies in Place
Policy is site based 30 (68%) -  Note that the 3 policies in 
development are also site based
Policy is catchment based 13 (30%)
Policy is based on other criteria 1 (2%)
3.4.2 QUEENSLAND
Of the 15 Councils in Queensland surveyed, 6 provided a response, equating to a 
response rate of 40%. Of the 6 responses, the results can be summarised as follows:
No policy 4 (67%)
Policy in place 0
Policy in development 2 (33%)
Comparison of Policies in Place
Policy is site based n/a
Policy is catchment based n/a -  Note that the 2 policies in 
development are catchment based
Policy is based on other criteria n/a
Responses were received from councils from central Queensland stating that the use of 
OSD is not an issue at this stage due to the low population densities for areas outside of 
the south east section of the state. Responses were also received from south east 
Queensland relating to the desire to develop policies to cater for current and future 
population growth and related development. Policies are also being developed to 
address flooding resulting from recent urbanisation.
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3.4.3 SOUTH AUSTRALIA
Of the 16 Councils in South Australia surveyed, 5 provided a response, equating to a 
response rate of 31%. Of the 5 responses, the results can be summarised as follows:
No policy 2 (40%)
Policy in place 1 (20%)
Policy in development 2 (40%)
Comparison of Policies in Place
Policy is site based 1 (100%) -  Note that 1 policy in 
development is also site based
Policy is catchment based 0 -  Note that 1 policy in development is 
catchment based
Policy is based on other criteria n/a
Specific responses were received from councils from South Australia stating that the use 
of OSD is not an issue at this stage due to the low rainfalls experienced, the low 
population densities and population growth rates and the belief that there is sufficient 
capacity in existing infrastructure to meet flooding requirements.
3.4.4 WESTERN AUSTRALIA
Of the 27 Councils in Western surveyed, 7 provided a response, equating to a response 
rate of 26%. Of the 7 responses, the results can be summarised as follows:
No policy 6 (86%)
Policy in place 1 (14%)
Policy in development 0
Comparison of Policies in Place
Policy is site based 1 (100%)
Policy is catchment based n/a
Policy is based on other criteria n/a
Specific responses were received from councils from Western Australia stating that the 
use of OSD is not an issue at this stage due to the low rainfalls experienced, the belief 
that there is sufficient capacity in existing infrastructure to meet flooding requirements
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and the ability to utilise infiltration to mitigate any flooding effects, due to the highly 
sandy nature of Perth and its surrounds.
3.4.5 ACT GOVERNMENT
ACT Department of Urban Services (ACT DUS) have produced an interim OSD policy, 
which is applied to dual occupancy and multi-unit developments only. Application of 
the interim policy is based on the assumption that the peak discharge from a 
redeveloped site should be limited to the estimated peak discharge from the pre­
developed site. This is the site based approach and it does not give any indication of the 
cumulative effect of redevelopment on the total catchment. ACT DUS quote 
experienced practitioners, who have been developing and applying OSD in Sydney for a 
number of years, who advise that a site-based method should only be used as a 
temporary measure until such time as a catchment-based method can be developed. 
There is a preference to implement a catchment based method as this takes into account 
the effect of redevelopment on the total catchment.
The new policy being developed by ACT DUS will assess the need for OSD based on 
the capacity of the existing municipal stormwater system to cope with the type of 
development proposed. OSD will only be required if the development will result in 
overloading of the existing municipal system. The size of OSD storage required will 
depend on the type and extent of development proposed and the developments potential 
for overloading the municipal stormwater system.
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3.4.6 TASMANIA
Of the 3 Councils in Tasmania surveyed, 2 provided a response, equating to a response 
rate of 66%. Of the 2 responses, the results can be summarised as follows:
No policy 2 (100%)
Policy in place 0
Policy in development 0
Specific responses were received from councils from Tasmania stating that the use of 
OSD is not an issue at this stage due to the low rainfalls experienced and the belief that 
there is sufficient capacity in existing infrastructure to meet flooding requirements.
3.4.7 VICTORIA
Of the 33 Councils in Victoria surveyed, 11 provided a response, equating to a response 
rate of 33%. Of the 11 responses, the results can be summarised as follows:
No policy 4 (36%)
Policy in place 7 (64%)
Policy in development 0
Comparison of Policies in Place
Policy is site based 5 (71%)
Policy is catchment based 1 (14%)
Policy is based on other criteria 1 (14%)
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3.5 STUDY FINDINGS
In summary, the study found the following:
Table 3.4 Results Summary
State No policy Policy in 
place
Policy in 
development
New South Wales 11% 76% 5%
Queensland 67% 0% 33%
Victoria 36% 64% 0%
South Australia 40% 20% 40%
Western Australia 86% 14% 0%
Australian Capital Territory 0% 100% 0%
Tasmania 100% 0% 0%
The above table clearly indicates that, based on the councils responding, there is a clear
acceptance of OSD in south-eastern Australia.
The lack of adoption of a policy in Western Australia and South Australia is predictable 
due to the low rainfalls predominant for these states and the low population densities 
and population growth rates. Such factors result in little need to consider measures such 
as OSD outside of the large population centres that are the capital cities.
Conversely, News South Wales and Victoria have high rainfall along the coastal areas 
and high population densities in these areas. These factors, together with increasing 
population densities and urban consolidation policies in established suburban areas has 
resulted in the need for local councils to consider measures other than traditional 
stormwater pipe networks to manage flooding risks.
Queensland’s high percentage of “no policy” councils is most likely due to the low 
population densities outside of the south eastern section of the state. The figure of 33% 
of councils with policy in development indicates that the councils perceive a need to
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manage potential future problems that may arise due to the high population growth rates 
and conversion of many coastal areas with high rainfalls to urbanised land-use.
Table 3.5 Comparison of Site Based and Catchment Based Policies
State Site Based 
policy
Catchment 
Based Policy
Other Criteria 
Policy
New South Wales 33 13 1
Queensland 0 2 0
Victoria 5 1 1
South Australia 2 1 0
Western Australia 1 0 0
Australian Capital Territory 1 0 0
Tasmania 0 0 0
TOTAL 42 17 2
The above table clearly indicates the popularity of the site based compared to the 
catchment based approach amongst councils with OSD policies in place.
Table 3.6 Comparison of Site Based and Catchment Based Policies in
Development____________ _____________ ____________ _____________
State Policies in 
Development
Site Based 
policy
Catchment 
Based Policy
New South Wales 3 3 0
Queensland 2 0 2
Victoria 0 0 0
South Australia 2 1 1
Western Australia 0 0 0
Australian Capital Territory 0 0 0
Tasmania 0 0 0
TOTAL 7 4 3
The above table indicates that for policies currently under development, there is almost 
an even split between the implementation of site based and catchment based approaches 
amongst councils.
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3.5.1 ARI Storms and Durations Adopted by Councils
The following tables summarise the storms specified in council policies and the design 
storm ARI to be investigated in designing for OSD systems.
Table 3.7 Pre Development Conditions Storms Specified
State 5 year 10 year 20 year 50 year 100 year
New South Wales 4 0 1 1 7
Queensland - - - - -
Victoria 3 1 _ _ -
South Australia 1 0 0 0 0
Western Australia 1 0 0 0 0
Australian Capital Territory 1 0 0 0 1
Tasmania - - - - -
TOTAL 10 1 1 1 8
The most often cited storms for pre-development or existing conditions are the 5 year 
and 100 year storms. In New South Wales, the 100 year is most often quoted followed 
by the 5 year storm, whereas in Victoria, the 5 year storm is most often quoted.
The use of the 100 year and 5 year storms is most likely due to:
1. the 100 year storm readily equates/compares to a reduction from the specified 
storm for maximum developed conditions, and/or
2. the 5 year storm results in a significant reduction in peak discharge for a 
catchment and councils can use their policy to ensure significant reductions in 
peak flows occur.
Table 3.8 Post Development Conditions Storms Spécifiée
State 5 year 10 year 20 year 50 year 100 year
New South Wales 1 1 3 2 26
Queensland - - - - -
Victoria 0 2 0 0 2
South Australia 0 0 1 0 0
Western Australia 1 0 0 0 0
Australian Capital Territory 1 0 0 0 1
Tasmania - - - - -
TOTAL 3 3 4 2 30
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The most often cited storm for post-development or maximum developed conditions is 
the 100 year storms. In New South Wales, the 100 year is most often quoted, followed 
by the 20 year and 50 year storms. In Victoria, the 10 and 100 year storm are most 
often quoted.
The use of the 100 year storm for post development conditions is due to councils 
ensuring that all storm events up to and including this event are addressed by the OSD 
system and that a reduction in peak discharge occurs for all such storms. Through 
specifying the 100 year storm, councils assure themselves that lesser storms are 
managed by the proposed system.
Table 3.9 Storm Durations
State 5 min 6min 10min 9 hrs 12 hrs 72 hrs
New South Wales 1 1 - 1 1 1
Queensland - - - - - -
Victoria 0 0 0 0 1 0
South Australia 1
Western Australia - - - - - -
Australian Capital Territory - - - - - -
Tasmania - - - - - -
The results for storm duration do not reveal a trend and it should be noted that many of 
the respondents did not specify a specific storm duration in their response or do not 
specify such storm details in their policies. Often such policies state that all storms up 
to the 100 year storm are to be addressed, with no attention made to the specific 
durations to be catered for by proposed systems.
3.5.2 PSDs and SSRs adopted by Councils
The following table lists the permissible site discharge and site storage requirements 
specified by councils responding to the survey. Note that only those councils 
nominating a catchment based approach to OSD design have nominated specific design
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values of PSD and SSR, except for Canterbury Council. Councils other than those 
located in New South Wales did not specify a PSD and SSR. Fairfield City Council 
was the only council that specified a different rate for PSD for rural areas within the 
local government area.
Table 3.10 Council adopted PSD and SSR
Council PSD (1/s/ha) SSR (nïVha)
Blacktown City Council 80 470
Canterbury City Council 150 -
Holroyd City Council 80 470
Parramatta City Council 80 470
Shire of Baulkham Hills 80 470
Fairfield City Council 140 -
Fairfield City Council (rural) 78 -
Lane Cove Council 140 250
Newcastle City Council 140 170
Gosford City Council 160 430
Tweed Shire Council 200 -
Willoughby City Council 136-225 315-380
Ku-Ring-Gai Municipal Council 94-166 241 -417
For the site based approaches, the discharge (PSD) is to be limited to the pre­
development storm with an appropriate storage (SSR) to be provided to ensure this 
condition is satisfied.
The values in the above table for Blacktown, Baulkham Hills, Parramatta and Holroyd 
Councils are based on studies for the Upper Parramatta River Catchment Trust, for 
which these council areas drain to. These values have been calculated from extensive 
modelling for that catchment.
Fairfield Council has a PSD value which appears to be quite high for a western Sydney 
council area, especially when compared to the nearby UPRCT councils. However, it 
should be noted that this council is drained by the Georges River and that much of the 
council area is comprised of that river’s floodplain. The drainage infrastructure was
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also constructed prior to 1970 and much of this was undersized and deemed inadequate 
for the development occurring in the area.
»
Lane Cove Council adopted values for PSD and SSR which are generally in line with 
the nearby Ku-ring-gai councils values. The SSR is on the lower end of the scale for 
Sydney catchments.
Newcastle City Council provides PSD values for both detained and undetained areas. 
The PSD value is reasonable for a coastal area receiving moderate rainfall. The 
required SSR is low compared to the other catchments studied. This is due to the
i
catchment’s individual characteristics, therefore requiring less storage volume to cater 
for the detention of peak outflow than, for example, the Lane Cove Council catchment.
Ku-ring-gai Council has a range of values that reflect the different zones within the 
council area and the differing topography that those zones represent. Willoughby 
Council has adopted a similar approach, matching the zones to groundwater and 
geotechnical conditions for the various catchments in the local government area.
The above results have been plotted for PSD versus SSR and are indicated on Figure 
3.1.
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PSD versus SSR
PSD (l/s/ha)
Figure 3.1 Plot of Councils’ adopted PSD and SSR values
This graph indicates that there is a cluster of values in the range of PSD values from 130 
to 160 l/s/ha for which the SSR values are quite similar across the different catchments. 
The overall trend amongst the values is for a decrease in SSR for increasing PSD, which 
is expected as when the peak discharge can be higher then less storage volume is 
required to maintain the peak discharge from the OSD facility. The above graph readily 
indicates that there is a line of best fit associated with the cluster of values, however 
there are also a significant number of outlying results. As the catchments are different 
and the OSD design requirements are related to the individual requirements of 
catchments, then outlying results are expected, especially as the figures plotted above 
are for councils that have adopted catchment based approaches to OSD design.
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3.6 CONCLUSIONS FROM COUNCIL OSD POLICY SURVEY
The results of this survey of Australian council’s OSD policies indicates that there is:
• Very little use of OSD outside of New South Wales,
• Some use of OSD in Victoria,
• Developing areas of south-east Queensland are currently investigating the 
development and implementation of policies to combat flooding problems,
• The site based approach is specified most often by councils,
• For policies in development, there is equal development of site based and 
catchment based approaches being adopted by councils,
• Some Sydney councils have adopted a catchment approach due to NSW government 
requirements on asset management, thereby allowing councils to undertake 
catchment assessments as the information is available,
• Most councils require a reduction in developed catchment outflows for all storms up 
to and including the 1 in 100 year average recurrence interval storm,
• Most councils adopting OSD have a goal of reducing the maximum developed storm 
to the outflows resulting from pre development conditions for all storms up to and 
including the 1 in 100 year average recurrence interval storm,
• Some councils require that the peak discharge for the development be reduced to the 
peak discharge that occurred for the undeveloped 5 year average recurrence interval 
storm, and
• When PSD is plotted against SSR for Sydney catchment based policies there is a 
cluster of results for Sydney catchments, with PSD ranging from 130 to 160 1/s/ha 
and corresponding SSR ranging from 340 to 240 m /ha.
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ON-SITE DETENTION EXAMPLES IN SYDNEY
4.1 INTRODUCTION
The predominant use of OSD in Australia is within the Sydney metropolitan area. As 
mentioned in the introductory chapter to this thesis, one of the primary drivers for the 
implementation of on-site detention has been the NSW government’s policy for urban 
consolidation. This policy has resulted in developments, especially in the inner city 
areas of Sydney, requiring on-site detention to be implemented as part of the 
development consent.
This chapter provides examples of OSD implemented in re-developments from various 
local government areas in the Sydney metropolitan area.
4.2 EXAMPLES
4.2.1 PITS, TANKS AND GARDENS
The following figures illustrate the use of a pits, tanks and gardens within 
redevelopment sites in Sydney’s inner west in order to provide detention of peak flows 
from the development sites.
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Figure 4.1 OSD through use of a garden basin being able to pond, Abbotsford
Figure 4.2 OSD through use of paved area being allowed to pond, Abbotsford
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Figure 4.3 OSD through use of underground tank below access road, 
Abbotsford
Figure 4.4a OSD through use of underground tank (extent indicated on picture), 
Cabarita
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Figure 4.4b Gross pollutant traps at outlet to OSD tank indicated in Figure 4.4.a
Figure 4.5 OSD through use of a garden basin being able to pond, Cabarita
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Figure 4.6 OSD through use of a garden basin being able to pond, Cabarita
Figure 4.7 OSD through use of a garden basin being able to pond, Five Dock
Pase 4.5
Chapter 4 -  On-site detention examples in Sydney
- :
S
Figure 4.8 OSD basin for HED discharge control, Five Dock. Two chambers 
with an internal weir
Figure 4.9 OSD through use of a garden basin being able to pond, Five Dock. 
Note the outlet for overflow in foreground of picture
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Figure 4.10 OSD through use of a garden basin being able to pond, Five Dock
Figure 4.11 OSD as underground tank within development site, Five Dock
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4.2.2 OTHER INNOVATIVE EXAMPLES
The following figures illustrate the use of tanks under green space within 
redevelopment sites in Sydney’s inner west, along with the use of wet detention ponds 
to cater for additional flows from a redevelopment site.
Figure 4.12a OSD as underground tank below green space/recreational area, Five 
Dock
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Figure 4.13 Use of underground detention tanks within park/recreational area, 
Chiswick
Figure 4.12b Another view of playing surface above OSD tank
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Figure 4.14b View of wet basin from upstream of outlet, Abbotsford
Figure 4.14a Use of wet basin to cater for peak flows, Abbotsford. Note the 
overflow outlet provided under the pathway
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4.3 DISCUSSION OF EXAMPLES
The examples presented in this chapter represent some of the options available for 
providing OSD from development sites.
Section 4.2.1 indicates that the predominant means of providing OSD in new 
developments is the use of garden and paved areas that can provide detention storage 
through being able to pond. Another popular method in these new developments is the 
provision of underground tanks, either below roadways, carparks or green space areas.
These examples indicate that new developments are utilising various means to provide |
I
OSD requirements. From a visual inspection of the various developments it should be !
i
I
!
stated that the provision of underground storage tanks seems to be the most efficient |
i
means of providing storage. The provision of tanks ensures that a development does not j
I
I
rely on individual owners to maintain a detention facility and that the efficiency and !
I
intent of design for the facility is not affected by changes made to gardens and paved |
areas within residential allotments. 1
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MODEL DETAILS
5.1 INTRODUCTION
The preceding four chapters in this study have presented a literature review, current 
Council policy and usage of OSD and presented examples of OSD in use. In order to 
address the aims of this study, hydraulic modelling of catchments is required to test the 
application of OSD. This chapter presents the two hydraulic models that have been 
utilised in later sections of this study, providing details of model operation and 
characteristics. Within sections of this study the following two hydraulic models have 
been utilised:
1. Watershed Bounded Network Model -  WBNM 2001, Version 1.00; and
2. DRAINS, Version 2001.01.
These two hydrological models, with different operating methods, have been adopted in 
order to ensure that the results provided in this study are due to the operation and impact 
of on-site and community detention basins, and not due to the functionality of the 
models themselves. The use of the two models in sections of the study serves to assist 
in verifying the results provided through the modelling exercise.
DRAINS is essentially a pipe system and this makes it difficult to match results with 
WBNM which is essentially a broad area hydrological model. Both models utilise quite 
different loss and routing procedures, the DRAINS utilises the time area method to 
calculate runoff from catchments whilst the WBNM model utilises the storage routing 
method.
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5.2 WBNM MODEL DETAILS
WBNM was originally developed to be a physically realistic representation of the 
catchment as it transforms storm rainfall into a flood hydrograph. It has built in lag 
relations, based on recorded rainfall and flood data. Because of this, it requires a 
minimum of parameters to be evaluated in its basic form, yet still provides good 
hydrograph reproduction.
A catchment is divided into smaller subareas, based on the stream network. Each 
subarea is bounded by its ridge line (or watershed) and forms a catchment within the 
larger catchment. This explains the origin of the model’s name: Watershed Bounded 
Network Model.
Each subarea is represented by a unit in the model which has the lag properties of the 
corresponding subarea, and which takes as input the rain falling on the subarea.
5.2.1 MODEL COMPONENTS
WBNM2000 is a fully integrated software package, consisting of preprocessor, engine, and 
postprocessor, plus utility tools. WBNM includes the following programs:
• WBNMRUN.EXE
• WBNMCHCK.EXE
• WBNMFRMT.EXE
• WBNMSORT.EXE
• GLOBAL.INI
• PROJECT.INI
which is the main calculation engine, 
allows the runfile to be checked for errors, 
formats a runfile into the required fields, 
checks the sequencing of subareas in a runfile, 
initialisation file which overrides program defaults, 
initialisation file which overrides global.ini flags.
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WBNM includes the following components:
• catchments or sub-catchments (sub-areas),
• flowpaths carrying stormwater runoff between catchments and sub-catchments,
• overland flow paths for overflows directed to downstream catchments or out of the 
system,
• local structures (eg on-site stormwater detention storages), and
• outlet structures (eg detention basins, dam structures).
5.2.2 CALCULATION PROCEDURE
WBNM2000 calculates hydrographs subarea by subarea, starting at the uppermost one 
and moving downstream to the catchment outlet. If a subarea receives a hydrograph 
from an upstream subarea, this upstream subarea hydrograph must first have been 
calculated. Subareas are calculated in the order in which they occur in the datafile.
Within each subarea, calculations take place in the following sequence:
• Flood routing from top to bottom of the stream channel,
• Average rainfall hyetograph for the subarea,
• Pervious runoff hydrograph,
• Impervious runoff hydrograph,
• Onsite detention storage routing of local runoff from the subarea,
• Summing of all hydrographs at the bottom of the subarea (stream channel 
hydrograph, pervious runoff, impervious runoff),
• Storage reservoir/ flood detention basin routing of runoff at the outlet of the 
subarea, and
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• Directing flows to downstream subareas.
5.2.3 SPECIAL FEATURES OF WBNM
The current version, WBNM2000, incorporates features that make the model a versatile 
and useful tool for flood studies. WBNM2000:
• can model 100 subareas,
• can model 100 storage reservoirs/ flood detention basins,
• can model onsite detention storage on each subarea,
• can have 10 rain gauges,
• can calculate 432 time steps (equivalent to a 72 hour flood at 10 minute time steps),
• can easily add or delete subareas without restructuring the model,
• can easily add or delete OSD basins and storage reservoirs without restructuring the 
model,
• can be calibrated on recorded rainfall and flood data,
• allows rainfall to be entered as mm/hour or mm/period,
• allows recorded hydrographs at any point in the catchment,
• allows hydrographs to be imported to any point in the catchment,
• recorded hydrographs, imported hydrographs, rainfall hyetographs and output results 
can have different time periods,
• can calculate design storms, with durations from 5 minutes to 72 hours, and average 
recurrence intervals from 1 to 500 years,
• can calculate probable maximum precipitation using the Generalised Short Duration 
Method,
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• for extreme flood estimates, can switch from nonlinear to linear above a specified 
discharge,
• can calculate embedded design storms, where the critical duration burst is embedded 
within a longer duration event,
• rainfall losses can be initial loss-continuing loss rate, or initial loss-runoff proportion, 
or Horton infiltration, or continuously time varying loss rate,
• routes hydrographs in stream channels separately from overland flow hydrographs,
• stream channel routing can be nonlinear, time delay or Muskingum,
• can model natural, urban and part urban catchments,
• calculates separate runoff hydrographs from pervious and impervious surfaces,
• allows modification (eg urbanisation) to catchment surfaces separately from 
modification to stream channels,
• can model onsite detention storage for pervious and/ or impervious runoff from a 
subarea,
• can have rating curves at any point in the catchment,
• can model storage reservoirs/ flood detention basins at any point in the catchment,
• has built in culvert and weir hydraulics,
• surcharging flows from the various outlets in a storage reservoir can be directed to 
various downstream points,
• surcharging flows can be calculated from the hydraulic relation of the appropriate 
outlet (ie a weir),
• storage reservoirs can have a dead volume to be filled before outflow commences
• storage reservoirs can be part full at the start of the storm, and
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• can have fuse plug spillway, where the cross section is designed to scour as it is 
overtopped.
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5.3 DRAINS MODEL DETAILS
DRAINS is a simulation model using the hydrological model developed for ILSAX. 
The model utilises piped urban drainage systems to model catchments. The program 
uses the time-area method to determine runoff hydrographs from sub-areas of a 
catchment. The program simulates the complex flow of an urban drainage catchment.
5.3.1 MODEL COMPONENTS
DRAINS includes the following components:
• pits and simple nodes, which act as inlet points or junctions for pipes or channels, 
and terminal points, defining the system outfall and destinations for overflows 
directed out of the system,
• catchments or sub-catchments draining to nodes,
• pipes or open channels carrying stormwater runoff between pits and nodes, 
including complex multi channels,
• overland flow paths for overflows directed to downstream nodes or out of the 
system,
• stormwater detention storages, and
• culvert and bridge components.
5.3.2 GENERAL CALCULATION PROCEDURES
DRAINS was initially set up as a simulation model of rainfall-runoff processes, using a 
hydrological model taken from the ILSAX program. This main mode of operation
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works through a number of time steps, modelling the system behaviour at each step. 
Users must specify one or more rainfall patterns or hyetographs, along with system 
parameters and preferences. The order of calculations through the drainage system is 
determined automatically from the links between components in the Main Window.
It is also possible to use the Rational method model for design purposes. This is a more 
limited hydrological method, using simpler I-F-D rainfall data. It deals with peak flows 
only.
With both hydrological models, hydraulic grade line procedures are used to design pipe 
systems, and to analyse how existing drainage systems operate under different 
conditions. Results are stored, or can readily be re-calculated, to provide presentations 
of input data and results in different forms.
5.3.3 THE ILSAX HYDROLOGICAL MODEL
The main flow generation method provided in DRAINS, the ILSAX hydrological 
model, is easy to apply and flexible, while being fairly rigorous. It uses the time-area 
method and Horton infiltration procedure as applied in the ILSAX program.
The ILSAX model is an event model, in which the sub-catchments of a stormwater 
drainage area are divided into the following land-uses:
• impervious areas directly connected to the main drainage system (paved areas),
• impervious areas not directly connected (supplementary areas), and
• pervious areas (grassed areas).
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For each land-use, a time of travel for stormwater is specified or set up to be calculated 
by the program. Depression storage depths are specified to account for initial loss 
effects.
The infiltration model for pervious areas is based on Horton’s equation, as used in the 
ILSAX program. The model employs parameters that define the soil type and its 
antecedent moisture condition. These can be easily defined from knowledge of the local 
soils and rainfall climate.
DRAINS calculates the full hydrographs of flows resulting from the specified rainfall 
hyetographs. In Australia, design storm bursts from Australian Rainfall and Runoff 
1987 are commonly used for design applications. Multiple storm burst patterns can be 
selected, with the worst case results being reported.
Rainfall and runoff recorded from actual storms can be used with DRAINS to calibrate 
the model for particular catchments or regions.
5.3.4 THE RA TIONAL METHOD HYDROLOGICAL MODEL
The Rational Method uses relatively simple equations to calculate peak flows from sub­
catchments, based on I-F-D statistical rainfall data. It accumulates flows that occur, not 
at any common time, but at a number of times that are critical for different components. 
As this method does not calculate a hydrograph of flows at different time steps, it is 
more limited than the ILSAX model, and cannot adequately model detention storage.
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5.3.5 THE HYDRAULIC MODEL
DRAINS employs a hydraulic model that calculates a hydraulic grade line through the 
drainage system for each time step. For analysis runs using the ILSAX hydrological 
model, this is done in two stages at each time step:
• a downward pass is made through the drainage network, determining flows into pits, 
bypass flows and probable flows along pipes, and
• then an upward pass is made from a specified tailwater level at the system’s outfall, 
tracing hydraulic grade lines.
DRAINS can model sealed pits, with bolted-down lids, where it is permissible for the 
hydraulic grade line to rise above the ground surface.
For design runs using the ILSAX hydrological model, a more complex procedure is 
followed:
• a downwards pass is made, determining the maximum flow at each pipe or channel 
for a storm event, and sizing and locating pipes conservatively to account for these 
flows,
• at least one upwards pass is then made, reducing pipe sizes and depths where 
possible, and
• finally, an analysis run is performed, calculating the behaviour of the designed 
system for a full storm, and providing a check on the design calculations.
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This model essentially produces a steady-state “snap-shot” of the system’s hydraulics at 
each time step, but does not link these fully.
When the Rational method hydrological model is used, the hydraulic grade line 
calculations assume that the critical flows for all components occur simultaneously, so 
the results obtained in calculating a single hydraulic grade line through the drainage 
network will be conservative. This assumption means that overflows will not be 
calculated as accurately as they are in the ILSAX hydrograph calculations.
5.3.6 SPECIAL FEATURES OF DRAINS
DRAINS has some special features not available in most other stormwater drainage 
analysis programs:
• Within a single package, it integrates several types of procedure (design, analysis, 
hydrology and hydraulics) and various scales of operation (property drainage, street 
drainage, trunk drainage and river flooding analysis),
• Its design and analysis procedures lie between relatively simple methods (such as the 
Rational Method and a water surface profile for maximum flows) and rigorous, 
complex procedures (such as hydrological physical process models and full 
hydrodynamic, unsteady flow models), providing a good compromise between 
simplicity, ease of use and accuracy,
• DRAINS contains many useful functions to speed work and carry through the results 
of the program into design drawings, calculation files and reports. It is intended to 
be an open system capable of transferring data to and from other programs, so that 
its analyses can be checked and results from different programs compared, and
Page 5.11
Chapter 5 -  Model Details
• The use of graphical objects to represent components simplifies many design and 
reporting tasks, and makes the program flexible and expandable. The presentation 
of results on the screen provides a swift assessment of results.
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METHODOLOGY
6.1 INTRODUCTION
This chapter explains the methodology used in the study for analysing OSD. This study 
proceeds in various stages. Before delving into the intricacies of detailed modelling of 
large, complex catchments with various levels of detention applied to sub-catchments, it 
is necessary to test and prove the theory to be utilised in modelling.
This study has been conducted with the following process:
1. analysis of a single catchment, with various different catchment areas trialed.
Scaling has been analysed with OSD using a normal discharge outlet,
2. analysis of a single catchment. Scaling has been analysed with OSD using a high 
early discharge outlet,
3. Branched network with OSD for both normal and high early discharge outlets,
4. Series network with OSD for both normal and high early discharge outlets,
5. Series and branched networks with large detention basins rather than OSD, and
6. Large catchments with OSD. These are real catchments with OSD applied.
Section 6.2 details catchment data and the method of model formation utilised for each 
of the catchments analysed.
6.2 CATCHMENT DATA AND MODEL FORMATION
Catchment data for this study was obtained from information available at the University 
of Wollongong, including previous theses’ for Fairy Creek catchment. Information was 
also gathered from Wollongong City Council catchment maps and from consultant
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reports undertaken for, amongst others, the Water Board for the Wollongong East and 
south eastern CBD area of Wollongong.
Catchment data for each of the catchments studied is summarised within the following 
catchment descriptions.
6.2.1 CATCHMENT DESCRIPTIONS
This study uses three catchments in the Wollongong area to analyse the impact of on­
site detention. The three catchments are:
1 Fairy Creek
2 South East Wollongong, and
3 Hospital Hill (which is a sub-catchment of Fairy Creek)
The catchments in Chapters 7 and 8 are sub-catchments of the Fairy Creek catchment. 
Similarly for the branched and series networks analysed in Chapters 9 and 10, these are 
catchments 15 and 21 of the Hospital Hill catchment.
6.2.2 FAIRY CREEK
Fairy Creek catchment has an area of approximately 7.6km2 (760ha). The catchment is 
bounded by Mt Keira and the Illawarra Escarpment to the west, Crown Street and Mt 
Keira Road to the south and the northern boundary runs just to the south of Mt Ousley 
Road. The outlet of the catchment is the confluence of Fairy Creek and Cabbage Tree 
Creek, occurring in a tidal lagoon just upstream of the Squires Way Bridge, with the 
combined flows entering the Pacific Ocean at the northern end of Stuart Park, North 
Wollongong.
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This catchment is typical of those in the Wollongong region as it is characterised by 
high rainfall intensities, with steep slopes in the upper catchment changing to gentle 
slopes at the coast. There is little or no land development along the escarpment and 
intense development in the flatter areas along the coast.
The current land use within the catchment is variable, ranging from parkland through to 
residential and commercial (including portions of the central business district). There 
are large sections of open space, occupied by parklands, the Botanic Gardens, the 
University and the TAFE college.
Throughout the catchment, rainfall losses of 7.8mm and 2.5mm/hr were used for initial 
and continuing losses respectively.
The catchment is illustrated on Figure 6.1. Catchment data for existing conditions and 
maximum developed conditions are as indicated on the following table.
Table 6.1 Catchment Data
Sub
Catchment
Number
Sub
Catchment
Type
Sub
Catchment 
Area (ha)
Percent 
Impervious -  
existing (%)
Percent 
Impervious -  
developed (%)
1 OL 32.9 0 11
2 WC 19.6 20 63
3 WC 13.8 15 59
4 WC 34.7 20 63
5 WC 8.3 20 49
6 WC 19.4 15 60
7 WC 6.7 20 49
8 WC 20.3 15 66
9 WC 9.3 20 56
10 OL 9.9 20 62
11 WC 30 20 60
12 OL 42.1 25 93
13 WC 31.9 25 94
14 OL 34.2 0 12
15 WC 56.7 20 61
16 WC 16.3 20 65
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Sub Sub Sub Percent Percent
Catchment Catchment Catchment Impervious - Impervious -
Number Type Area (ha) existing (%) developed (%)
17 OL 33.0 20 68
18 WC 1.8 20 61
19 WC 3.3 10 60
20 WC 1.3 0 30
21 WC 28.4 20 62
22 WC 8.7 20 62
23 WC 47.7 15 58
24 WC 16.6 15 58
25 OL 33.2 6 35
26 WC 21.5 20 62
27 OL 39.5 0 20
28 WC 15.6 15 55
29 WC 34.0 15 55
30 OL 20.0 10 80
31 WC 4.8 12 86
32 WC 18.3 12 80
33 WC 21.4 20 62
34 OL 18.5 30 80
35 WC 6.6 5 25
WC= watercourse for the sub-catchment 
OL= overland flow for the sub-catchment
Figure 6.1a Fairy Creek Catchment -  location diagram
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3 - sub catchment
— Catchment 
boundary
Fairy Creek Catchment - Model Structure
(source: Wollongong City Council zoning map)
Figure 6.1b Fairy Creek Catchment -  catchment details
6.2.3 SOUTH EAST WOLLONGONG
This catchment has an area of approximately 5.5km (550ha) and drains to the Inner 
Harbour of Port Kembla Harbour. The catchment can be divided into three major 
drainage systems. The eastern system is the smallest in the catchment, having an area 
of 90ha. The central, and largest catchment, drains eastern Mangerton and northern 
Coniston, which are suburban areas of Wollongong, and has an area of 250ha. The 
southern system, with an area of 150ha, drains the southern portions of Mangerton and 
Coniston as well as the northern areas of the BHP Port Kembla steelworks.
The current land use within the catchment is extremely variable, ranging from parkland 
through to heavy industrial. Land use within the eastern system is primarily residential 
and commercial (including portions of the central business district) and also includes
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the city golf course. Within the central system, land use is predominantly residential, 
with some light industrial and commercial developments. With the exception of the 
steelworks area, the southern system also has a primarily residential catchment.
Throughout this catchment, an initial loss of 12mm and a continuing loss of 2.5mm/hr 
were imposed. The initial loss is different to the other two catchments studied as this 
catchment exhibited different characteristics to those described in 6.2.2 and 6.2.4. This 
is due to different topographical and geological conditions within the catchment. This 
area is generally low lying with sections in the original marsh like state.
The catchment is illustrated on Figure 6.2. Catchment data for existing and maximum 
developed conditions are as indicated on the following table.
Table 6.2 Catchment Data
Sub Sub Sub Percent Percent
Catchment Catchment Catchment Impervious - Impervious -
Number TyPe Area (ha) existing (%) developed (%)
1 OL 15.9 20.1 65.0
2 WC 27.6 39.9 65.0
3 WC 42.6 54.9 65.0
4 WC 41.3 70.0 70.0
5 OL 50.0 50.0 50.0
6 WC 50.0 50.0 65.0
7 OL 18.1 65.2 65.2
8 OL 10.7 55.1 70.0
9 WC 5.4 5.6 5.6
10 WC 20.4 5.0 5.0
11 WC 24.6 65.0 65.0
12 WC 5.8 6.6 26.0
13 WC 5.1 64.7 64.7
14 OL 41.3 15.0 40.0
15 OL 42.0 50.0 60.0
16 WC 45.0 50.0 60.0
17 WC 21.3 15.0 15.0
18 WC 14.8 0.7 0.7
19 WC 36.8 4.9 20.0
20 WC 34.8 25.0 70.0
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ment Boundary
Figure 6.2a South East Wollongong Catchment -  location diagram
. S V .« *
3 - catchment number 
^ _catchment boundary
Figure 6.2b South East Wollongong Catchment -  catchment details
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6.2.4 HOSPITAL HILL
This catchment is a sub-catchment of the Fairy Creek catchment. This catchment has an 
approximate area of 0.27km2 (27ha). The catchment is a residential area with surplus 
flows being piped in the drainage system out of this catchment and into the larger Fairy 
Creek catchment. The catchment boundaries are Crown Street to the south, Gilmore 
Street to the west and New Dapto Road to the east.
The current land use within the catchment is residential, with portions of the catchment 
also being devoted to recreational areas and parkland. A public school is also located 
within the catchment boundaries.
Throughout the catchment, rainfall losses of 7.8mm and 2.5mm/hr were used for initial 
and continuing losses respectively.
The catchment is illustrated on Figure 6.3. Catchment data for existing and maximum 
developed conditions are as indicated on the following table.
Table 6.3 Catchment Data
Sub Sub Sub Percent Percent
Catchment Catchment Catchment Impervious - Impervious -
Number Type Area (ha) existing (%) developed (%)
1 OL 6.692 27.0 72.0
2 OL 0.292 100 100
3 OL 1.960 36.0 78.0
4 WC 0.136 100 100
5 WC 0.676 36.0 83.0
6 WC 0.099 100 100
7 OL 0.798 38.0 67.0
8 OL 0.388 35.0 68.0
9 WC 0.172 39.0 71.0
10 WC 0.192 100 100
11 OL 0.387 76.0 85.0
12 WC 0.576 44.0 84.0
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Sub Sub Sub Percent Percent
Catchment Catchment Catchment Impervious - Impervious -
Number Type Area (ha) existing (%) developed (%)
13 OL 0.184 100 100
14 WC 0.213 60.0 85.0
15 WC 0.156 44.0 88.0
16 WC 0.336 100 100
17 WC 2.572 53.0 71.0
18 WC 0.332 100 100
19 WC 1.372 31.0 83.0
20 OL 1.280 33.0 82.0
21 WC 0.672 39.0 86.0
22 WC 2.268 31.0 80.0
23 OL 0.464 44.0 84.0
24 OL 1.776 43.0 71.0
25 WC 0.152 100 100
26 OL 0.552 59.0 80.0
27 WC 0.184 43.0 68.0
28 WC 0.604 46.0 78.0
29 OL 0.256 100 100
30 OL 0.480 42.0 83.0
31 WC 0.784 28.0 80.0
32 WC 0.204 100 100
Figure 6.3a Hospital Hill Catchment -  location diagram
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3 - catchment number 
— catchment boundary
Figure 6.3b Hospital Hill Catchment -  catchment details
6.2.5 CATCHMENT RAINFALL DATA
The data obtained above consisted primarily of sub-catchment area, percent impervious 
area, stream and pipe data. The data used in modelling the catchments is as indicated on 
the following table.
Table 6.4: Rainfall data and intensity-frequency-duration data (IFD data
sourced from Australian Rainfall and Runoff, Institution of 
Engineers, 1987)
Zone = 1
Factor 10201 = 49 
Factor 10212 = 11.4 
Factor 10272 = 4.3 
Factor 15001 = 110 
Factor 15012 = 28.6 
Factor 15072 = 9.7 
Factor F2 = 4.28
Rainfall zone- south east coast and 
Tasmania from Figure 3.1 of ARR 
2 year, 1 hour rainfall intensity (mm/h)
2 year, 12 hour rainfall intensity (mm/h)
2 year, 72 hour rainfall intensity (mm/h) 
50 year, 1 hour rainfall intensity (mm/h) 
50 year, 12 hour rainfall intensity (mm/h) 
50 year, 72 hour rainfall intensity (mm/h) 
geographical factor for obtaining 6 minute 
duration intensities, ARI = 2 years
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Factor F50 = 15.8 geographical factors for obtaining 6 minute
duration intensities, ARI = 50 years 
Factor G = 0 Rainfall logarithmic skewness
WBNM parameters 
Lag Parameter C = 1.7 
Impervious Lag Parameter = 0.1 
R = 0.416667 
DRAINS parameters:
Depression storage (impervious): 0 mm Roughness for impervious areas set to 0.01 
Depression storage (pervious): 7.8mm Roughness for pervious areas set to 0.17 
Slope = 1.85% Lag time: 0 minutes
In formulating the catchment models, the flow lengths required to be specified for sub­
catchments in the DRAINS model was set at the square root of the area of each sub­
catchment. For ease of determining the flow lengths, sub-catchments were assumed to 
be square in shape, producing a conservative value for flow length. This relationship 
for flow length was applied to all sub-catchments within all catchments that were 
modelled using the DRAINS program.
For DRAINS, constant time for pervious and impervious areas was replaced with the 
relationship for overland flow represented by the following equation:
t= 6.94*(L*I)0'6/(S°'4*%IMP03) 
where:
L = flow length in metres 
I = impervious area 
S = slope
%IMP = percentage of impervious area
For both models, loss rates were required to be specified and these were based on data 
in previous studies, from Australian Rainfall and Runoff (Institution of Engineers,
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1987) and hydraulic reports undertaken by Sydney Water for these catchments. The 
following loss rates were utilised:
• Initial Loss 7.8mm for the scaling, Fairy Creek and Hospital Hill catchments
• Initial Loss 12mm for the South East Wollongong catchment
• Continuing Loss Rate 2.5mm/hr
6.3 MODEL FORMATION
Using the information from the relevant catchment maps, each of the catchments were 
divided into sub-catchments. The sub-catchments reflect the drainage paths of the 
catchment. Each of the sub-catchments is related to a node in the model and connected 
to a downstream sub-catchment to reflect the overland and watercourse flows within the 
catchment. This then forms a network of flow paths and sub-catchments which 
represent the catchment being studied.
Sub-catchments within each of the models were modelled such that all rainfall falling 
within the sub-catchment flows to the outlet of the sub-catchment. With the application 
of OSD, in the form of normal discharge control or high early discharge, the entire flow 
from the sub-catchment passed through the introduced detention basin before entering 
the catchment drainage network.
The outlets to each sub-catchment were linked to a pipe network which flows to the 
outlet of the catchment model. Each of the sub-catchments was linked in a manner to 
reflect the outflow from a residential subdivision where each sub-catchment links 
directly into a pipe as it flows downstream towards the catchment outlet. The 
formulation of the model is best indicated by Figure 6.4.
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Individual lots feed into Individual lots have detention 
n etwork pip e on 1 ot b ef ore fl ow e nter s
network pipe
Figure 6.4 - Model Formulation
For detailed model assessment individual lots within the catchment make up each sub­
catchment. In the sections where the amalgamation of the lots together has resulted in a 
lower number of sub-catchments for each model or where the effects of scaling on 
catchments has been investigated, the amalgamated lots form the sub-catchments.
These sub-catchments are the result of the summation of each of the individual sub­
catchments in the catchment being studied. In all cases the method of linking lots to the 
network drainage is as indicated in Figure 6.4.
6.4 EXISTING A N D M AXIM UM  DEVELOPED CONDITIONS
After creation of the model to reflect the catchment, the model is first run to reflect 
existing conditions. Initial results from modelling were compared to previous studies 
and hydrographs for the catchments in order to calibrate each of the models. The 
calibration included adjustments to catchment properties, such as loss rates (both initial 
and continuing), time of concentration and/or soil type.
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Existing conditions were assumed to incorporate an impervious area equivalent to the 
following for each catchment model:
• Scaling 10% of the area of each of the sub-catchments.
• Branched 10% of the area of each of the sub-catchments
• Series 10% of the area of each of the sub-catchments
• Fairy Creek as per table 6.1
• South East Wollongong as per table 6.2
• Hospital Hill as per table 6.3
Tables 6.1, 6.2 and 6.3 indicate impervious area generally greater than 10%. This is due 
to the catchments consisting of existing developed residential/commercial/ industrial 
areas.
Catchment data for each of the catchments in this study was modified for maximum 
developed conditions. These maximum development conditions were obtained from 
Council planning regulations. The maximum conditions were used to change the 
impervious data for each of the sub-catchments. The maximum development conditions 
for these catchments, as specified by Council regulations, allows for up to 80% 
impervious area in residential zones.
Maximum development conditions were assumed to incorporate an impervious area 
equivalent to the following for each catchment model:
• Scaling 80% of the area of each of the sub-catchments
• Branched 80% of the area of each of the sub-catchment
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Series 80% of the area of each of the sub-catchments
• Fairy Creek as per table 6.1
*
South East Wollongong as per table 6.2
• Hospital Hill as per table 6.3
In the models used, some sub-catchments have an impervious area greater than 80%. 
This is due to the sub-catchment including developable areas and totally impervious 
sections of the catchment such as roadways (which are 100% impervious). When the 
developable area and associated roadways are combined into a sub-catchment, the 
resulting impervious area for maximum development conditions can exceed 80% of the
sub-catchment area.
The calibrated models for existing conditions were modified for maximum development 
conditions impervious area and then run to produce peak flows and volumes for the 
catchment.
The existing conditions models’ results provide peak flows for the sub-catchments and
catchment that will be later utilised as target flows for the application of OSD. These
flows are referred to as the Target or Desired flow (Qp).
The results from the maximum developed conditions models’ provides peak flows and
volumes for the sub-catchments and catchment that are used as the input flows that the
on-site detention system is to detain. These flows are referred to as the Peak flow (Ip)
and the volume as V.
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With the existing and maximum developed conditions models operating, OSD and 
community detention basins can be applied to sub-catchments in order to restrict flows 
from maximum developed conditions back to the equivalent of the existing developed 
conditions.
6.5 OSD DETERMINATION AND STORAGE REQUIREMENT
Once the catchments had been calibrated for both existing and maximum development 
conditions, peak flows and desirable flows were used to calculate the OSD storage 
volume to be applied to each of the sub-catchments within each of the study areas. The 
first pass in order to calculate the storage requirement was based on the following 
factors:
• Peak flow (Ip) in m /s
• Desired flow (Qp) in m /s
• Volume (V) in m3
• Storage requirement (S) m m .
Storage requirement is first estimated from the following formula, referred to as 
equation 1 in this study:
S= V( 1 -Qp/Ip) Equation (1)
The estimated storage requirement was used to calculate the initial site storage 
requirement (SSR) for each of the sub-catchments. This was calculated based on an 
OSD basin of lm  in depth, and square dimensions in plan view. From initial modelling 
of simple catchments, the outlet size required, as discussed in section 6.5, was found to 
be equivalent to multiple outlets of 150mm in diameter.
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The calculation of S provides the first estimate of a detention basin’s storage 
requirement for a sub-catchment. Therefore, initially:
SSR = S/A
for detention storage volume, with SSR in m3/ha.
Initial PSD and SSR values were calculated using the following formula:
SSR = V/A*(l- Qp/Ip)
PSD = Qp/A
The SSR was set as the maximum storage required for each of the sub-catchments in 
order to achieve PSD. The PSD was set as the maximum acceptable outflow from each 
of the sub-catchments -  namely the desired outflow that resulted from modelling of 
initial conditions.
6.6 NUMBER OF OUTLETS FOR DETENTION BASINS
In applying detention and OSD basins to sub-catchments it is necessary to determine the 
number of outlets required to reflect and allow the sub-catchment to be modelled.
Outlets were calculated for each of the sub-catchments through an iterative process.
This was undertaken to ensure that the height of water within the basin was maximised 
and that the desired peak flow from the basin could be achieved.
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The initial estimated storage volume from equation 1 was applied to each sub-catchment 
with an estimate for number of outlets. The model was then run and the maximum 
allowable discharge from the basin was noted. The number of outlets was then 
modified to ensure that the allowable peak flow from the basin was equivalent or 
slightly greater than the target peak. This ensures that the maximum height of water in 
the basin is close to 1 .Om, which results in an efficient operation of detention.
Outlets were chosen as a multiple of a 150mm diameter outlet. The size of 150mm 
diameter was chosen as this is reflected in the literature as a common sized outlet, is not 
prone to blockage and is a standard available size that matches requirements for existing 
drainage infrastructure from residential development.
6.7 HEIGHT-STORAGE RELATIONSHIP
In order to model for detention, a height-storage (H-S) relationship is required for each 
of the storage basins. The H-S relationship allows the model to effectively represent the 
detention basin.
The height chosen for the detention basins was a total of lm  in depth. The total 
maximum height of lm  for the OSD facility was found to best represent the actual 
facility that would be constructed and allowed to be constructed in residential/ 
commercial areas. Details from a review of Council OSD policies confirm this to be a 
correct assumption. This survey indicated that councils would specify a maximum 
depth of lm  for operational, maintenance and safety reasons.
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The H-S relationship for each sub-catchment was calculated based on the initial storage 
volume S, for each basin. In order to specify H-S relationship, the increments were 
increased in 0.2m intervals. The initial storage S was divided into the one metre high 
basin to produce a H-S relationship that is structured as follows:
Table 6.5 H-S relationship_________
Height (m) Storage
0 0
0.2 S/5
0.4 2S/5
0.6 3 S/5
0.8 4 S/5
1.0 S
When modelling for high early discharge (HED), the H-S relationship was modified in 
order to allow7 such a basin to be modelled. The relationship was structured as follows: 
Table 6.6 H-S relationship for High Early Discharge
Height (m) Storage
0 0
0.2 0
0.4 0
0.6 0
0.8 0.9*S
1.0 S
Table 6.6 indicates that in order to represent the filling of the first chamber and the 
constant flow from a high early discharge basin, the volume of storage is maintained at 
zero until the w ater reaches 80% of the basin height. At this point storage is 90% of the 
total basin volume.
6.8 HIGH EARLY DISCHARGE
A HED storage basin consists of 2 chambers. Runoff from the site flows into the first 
chamber which has a small volume. This chamber quickly fills, allowing discharges out
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of the OSD to quickly rise to the maximum value. When the first chamber fills, water 
flows over a connecting weir into the second, larger chamber. This chamber takes some 
time to fill, so that the discharges from the OSD remains at the PSD for some time. 
When the inflow to the OSD from the site ends, both chambers slowly empty and the 
discharge from the OSD slowly falls. The advantages of a HED storage basin are that 
the discharge out of the storage can be better controlled at the PSD value, and the SSR 
needed is smaller than in a conventional storage.
The control of outflow from a HED storage basin is indicated on the following diagram. 
Figure 6.5 HED OSD Storage
HED OSD Storage
The storage basins overall depth and size for HED modelling was maintained as per the 
basins modelled for normal discharge control.
The height of the weir within the storage basin was varied in order to restrict flow to the 
required outflow from the basin. This was undertaken on a trial and error basis, with 
the first estimate set close to the maximum height of water in the basin that was found
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to occur for the normal outlet control model. The outlet to the basin was maintained as 
a 150mm diameter pipe.
The volume of storage within the basin was also varied through a trial and error process 
to provide the required outflow from the basin. The initial storage volume for the 
application of HED control was set at 70% of the normal on-site detention basin storage 
volume required to limit outflow from each sub-catchment to the target peak flow.
6.9 INITIAL MODELLING -  SINGLE LOT METHODOLOGY
In order to test the assumptions made for the detailed modelling of the catchments, 
simple models were developed, starting with one lot in a catchment. This allowed for 
various different modelling techniques and methods of applying on-site detention to be 
first tested on simple configurations.
The single lot methodology utilised one sub-catchment for each catchment modelled.
All catchment data was kept constant except for catchment area. The single lot was 
modelled with increasing area in order to test for the effects of scaling on detention 
basin operation. As stated previously, this modelling allowed a relationship between 
catchment area and number of outlets for a detention basin to be analysed and tested.
The results for single lot modelling were further analysed through undertaking 
modelling of a single lot using Canberra rainfall (Zone 2) and topographic information. 
This step was undertaken to ensure that the results obtained for models in the Illawarra 
(Zone 1) were not dependent on the rainfall zone.
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The results from the single lot approach were then used in the other catchment models 
to model on-site detention with both normal control and high early discharge control 
situations.
6.10 CATCHMENT CONNECTIVITY
In this study, a variety of catchments were modelled. The first detailed stage of 
modelling utilises sub-catchments of Fairy Creek catchment which were configured into 
branched and series networks comprising 58 and 40 house lots, respectively.
Branched and series networks were adopted in order to determine how the downstream 
linkage of sub-catchments effects catchment flows and the use of OSD. Such modelling 
served to test the sensitivity of catchments to the lumping together of sub-catchments 
and OSD in real catchments.
The branched network was developed utilising a sub-catchment of the Fairy Creek 
catchment and comprised a total of 58 individual house lots. The total catchment area 
of the network is 6.15ha.
The branched network is so called because it represents a branched drainage network 
with various flows feeding into a branched pipe network. Nodes or sub-catchments 
within a branched structure may be receiving flows from more than one upstream 
catchment. The key feature of the branched network is that there is more than two 
drainage systems flowing into more than two primary nodes.
The branched network was made up of the following models:
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Table 6.7 Branched Network Models
Model Number of sub­
catchments
Average sub­
catchment area
Catch58 58 0.10 ha
Catch30 30 0.20 ha
Catch 19 19 0.32 ha
Catch 12 12 0.51 ha
Catch8 8 0.77 ha
The series network was developed utilising a sub-catchment of the Fairy Creek 
catchment and comprised a total of 40 individual house lots. The total catchment area 
of the network is 3.15ha.
The series network is so called because it represents a linear drainage network with 
various flows feeding into a linear pipe network. Each node or sub-catchment has flow 
entering the drainage network and adding into flows from adjacent sub-catchments 
within the network. The linear network is characterised by two drainage systems 
feeding into two primary nodes.
The series network was made up of the following models:
Table 6.8 Series Network Models
Model Number of sub­
catchments
Average sub­
catchment area
Catch40 40 0.08 ha
Catch21 21 0.15 ha
Catchl2 12 0.26 ha
Catch5 5 0.52 ha
The linkage of each of these models in tables 6.6 and 6.7 are portrayed 
diagrammatically in chapters 9 and 10 of this study.
For the branched and series networks, the linkage of sub-catchments to the drainage 
network was undertaken as indicated in Figure 6.4. Street flows were entered into the
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model at defined points that represented the actual drainage system. These points were 
represented by sub-catchments with 100% impervious area that entered the drainage 
system at corresponding nodes.
The branched and series networks are best described by referring to the following 
diagrams, Figures 6.6 and 6.7.
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Figure 6.6 Branched Network
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ŝ c 7
s/c 10
s/c 1 1
s/c 12
s/c 13
s/c 14
s/c 15
s/c 16
s/c 17
s/c 18
s/ c 19
s/c 20
outlet
Figure 6.7 Series Network
After undertaking the single lot and branched/series network modelling, larger 
catchments in the Wollongong City region were then modelled to determine the impact 
of OSD on storm flows for real catchments. These real catchments comprised:
Page 6.26
Chapter 6: Methodology
1. the entire Fairy Creek catchment
2. a large sub-catchment of Fairy Creek, comprising the hospital precinct of 
Wollongong
3. a catchment on the east side of the city -  the south east Wollongong catchment.
These catchments were modelled with the following numbers of sub-catchments: 
Table 6.9 Larger Network Models
Model Details Number of sub­
catchments
Fairy Fairy Creek catchment 35
Catch Hospital Hill catchment 32
Golf South East Wollongong catchment 20
For the above catchments the linkage of sub-catchments to the drainage network was 
undertaken as indicated in Figure 6.4. Sub-catchment flows were entered into the 
model at defined points that represented the actual drainage system.
The make-up and connectivity of these catchment models are described in Figures 6.8, 
6.9 and 6.10.
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nodel
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Figure 6.8 Fairy Creek Catchment
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Figure 6.9 South East Wollongong Catchment
Page 6.29
Chapter 6: M ethodology
n o d e l1
s/c 2
s/c 20 nodel 9
node2
node26
s/c 26
s/c 24
s/c 30
s/c 32 node32 outlet
Figure 6.10 Hospital Hill Catchment
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6.11 CATCHMENT MODELLING RESULTS
The methodology presented in this chapter was adopted to model the previously 
described catchments for existing, developed and detention conditions in Chapters 7 to 
14 of this study.
Chapters 7 and 8 deal with scaling of single catchments of increasing area. The 
branched and series catchments are addressed in Chapters 9 and 10 with the use of large 
detention basins on the branched and series catchments being examined in Chapter 11. 
Fairy Creek, South East Wollongong and Hospital Hill catchments are addressed in 
Chapters 12, 13 and 14.
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SCALING RESULTS FROM WBNM and DRAINS
7.1 INTRODUCTION
This chapter and chapter 8 together investigate the second point of this study:
“the sensitivity of modelling with respect to the scaling of catchments”.
A catchment has been modelled as a single subarea with varying catchment area in order 
to assist in analysing the impact of scaling to catchments. The catchment was modelled 
with all other data remaining constant except for area, which was increased in steps 
from 0.1 ha up to 8ha. This range of catchment size was chosen as it best represents the 
urban catchments for which OSD policy is generally applied. Catchment areas of 0.1 ha 
closely represent the average suburban lot and the other catchments adopted represent a 
range of areas that often are redeveloped to higher density living and result in 
requirements for OSD to be applied. The model names and corresponding catchment 
areas are listed in Table 7.1.
Table 7.1 : Model Names and Catchment Area
Catchment
Model
Catchment Area 
(ha)
Catch pt1 0.1
Catch pt2 0.2
Catchpt5 0.5
Catch 1 1.0
Catch 1pt5 1.5
Catch2 2.0
Catch3 3.0
Catch4 4.0
Catch5 5.0
Catch6 6.0
Catch7 7.0
Catch 8 8.0
Page 7.1
Chapter 7: Scaling results
The model for the catchment is shown in Figure 7.1. The pipe to the outlet is required 
to ensure that the DRAINS model provides an outflow at the outlet, allowing 
comparison with the results from WBNM.
The three scenarios that are studied to determine the impact of OSD on an individual lot 
are:
• Reducing flows from maximum developed to existing conditions for the 
critical 5 year storm,
• Reducing flows from maximum developed by a fixed percentage for the 
critical 5 year storm, and
• Reducing flows from maximum developed peak flows for the critical 100 
year storm to the 100 year existing peak and 5 year existing peak flows.
Each of the above test the performance of OSD relevant to a catchment and also assist in 
testing the sensitivity of the model to scaling of the catchment. These scenarios serve to 
provide results as to the trend for increasing catchment area and whether the same 
theory for applying detention storage holds for changes in catchment size.
For the first the existing conditions adopted is 10% impervious area and the maximum 
developed conditions utilise 80% impervious area for the catchment.
The second scenario involves an investigation into reducing the peak flow for a single 
lot by a fixed percentage -  namely a 10%, 20%, 30% or 40% reduction in the maximum 
developed peak flow.
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Catchment data and loss rates used for each of the WBNM and DRAINS scenarios are 
as provided in Chapter 6. The results of the analysis undertaken in this chapter also 
serve to assist in the initial sizing of basins for the modelling of the larger more complex 
catchments, referred to in chapters 12,13 and 14.
catchment
pipe
outlet
catchment
detention basin
Figure 7.1 - Catchment Model
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7.2 MAXIMUM DEVELOPMENT TO EXISTING CONDITIONS: 5 
YEAR STORM
7.2.1 WBNM MODEL
The catchments were modelled at 10% impervious for existing conditions and 80% 
impervious areas for maximum developed conditions. This was undertaken in order to 
model the actual OSD requirements and policies of some councils. The survey of 
councils (refer to chapter 3) indicated that a majority of councils seek to utilise OSD to 
reduce peak flows from maximum developed conditions to the peak flows found for 
existing or natural conditions. The 80% impervious figure for maximum developed 
conditions is derived from Wollongong City Council’s zoning limitations for the Fairy 
Creek catchment.
Catchment data was entered into the WBNM model. The storm curves from ARR87 
were utilised with data for the 5 year ARI storm for durations of 15min, 30min, 60min, 
90min, 120min, and 180minutes.
After running the WBNM model it was found that the critical storm was 90 minutes in 
duration for all catchment areas. Results for the 10% impervious area and 80% 
impervious area cases, for the 5 year 90 minute storm, are tabulated below.
Table 7.2 : Existing flows -  1 )% impervious
Catchment Catchment Peak Flow at Volume
Model Area (ha) Outlet (Qd) (m3/s) (m3)
Catchptl 0.1 0.05 70
Catch pt2 0.2 0.095 140
Catchpt5 0.5 0.217 350
Catch 1 1.0 0.397 700
Catch 1pt5 1.5 0.561 1050
Catch2 2.0 0.714 1400
Catch3 3.0 0.996 2100
Catch4 4.0 1.256 2800
Catch5 5.0 1.499 3500
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Catchment
Model
Catchment 
Area (ha)
Peak Flow at 
Outlet (Qd) (m3/s)
Volume
(m3)
Catch6 6.0 1.730 4200
Catch7 7.0 1.952 4900
Catch8 8.0 2.164 5600
Table 7.3 : D
Catchment
Model
•eveloped flow 
Catchment 
Area (ha)
s -  80% impe 
Peak Flow 
at Outlet 
(Ip) (m3/s)
rvious
Peak Flow 
Increase over 
10% Impervious
Volume
(m3)
Volume 
Increase 
over 10% 
Impervious
Catch pt1 0.1 0.054 8.0% 80 14.29%
Catch pt2 0.2 0.107 12.6% 150 7.14%
Catch pt5 0.5 0.257 17.9% 390 11.43%
Catch 1 1.0 0.496 24.3% 780 11.43%
Catch 1pt5 1.5 0.726 28.7% 1160 10.48%
Catch2 2.0 0.95 32.3% 1550 10.71%
Catch 3 3.0 1.387 38.6% 2330 10.95%
Catch4 4.0 1.81 43.4% 3110 11.07%
Catch5 5.0 2.225 47.6% 3880 10.86%
Catch6 6.0 2.631 51.3% 4660 10.95%
Catch7 7.0 3.031 54.6% 5440 11.02%
Catch8 8.0 3.426 57.5% 6210 10.89%
Column 6 (volume increase over 10% impervious area) in the above table indicates the 
increase in volume for each of the catchments as calculated by the model. In this case
the volume increase varies from 7.14% through to 14.2%. The increase in volume is
explained with the following discussion on runoff depth from the catchments.
The following table provides a comparison of runoff depth from each of the catchments 
as calculated by the WBNM model.
Table 7.4 : Ï  
Catchment 
Model
unoff depth foi 
Existing 
Runoff Depth 
(mm)
* Catchments 
Developed 
Runoff 
Depth (mm)
Increase of 
Developed 
over Existing
0.1 67.10 76.92 14.6%
0.2 69.19 77.48 12.0%
0.5 69.63 77.54 11.4%
1 69.73 77.57 11.2%
1.5 69.80 77.59 11.2%
2 69.85 77.6 11.1%
3 69.93 77.62 11.0%
4 69.97 77.63 10.9%
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Catchment
Model
Existing 
Runoff Depth 
(mm)
Developed 
Runoff 
Depth (mm)
Increase of 
Developed 
over Existing
5 70.00 77.63 10.9%
6 70.02 77.64 10.9%
7 70.04 77.65 10.9%
8 70.05 77.65 10.8%
The above results are very close to the increase in volume reported for the 80% 
impervious area model results. The volume increase tends to be slightly less than the 
depth increase due to the truncation of the hydrograph such that all of the volume of 
stormwater outflow is not recorded. The increase in runoff depth should be consistent 
for increasing catchment area where all other factors are maintained as constant.
The runoff depth for a catchment can be calculated by using the critical storm and taking 
into account initial loss and loss rates for the pervious area of the catchment. For the 5 
year 90 minute storm the average intensity is 53mm/h. For the 90 minute storm this 
equates to rainfall depth of 79.5mm for the catchment. The rainfall hyetograph is in 
Figure 7.2.
The initial loss applied to the catchment is 7.8mm and the continuing loss rate is 
2.5mm/h. The continuing loss rate is applicable to the pervious area of the catchment, 
which represents 90% of the catchment area for existing conditions and 20% of the 
catchment area for maximum developed conditions. For the impervious areas of the 
catchment there is no continuing loss applied.
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Figure 7.2 -  Rainfall Hyetograph for 5 year 90 minute storm
Rainfall Hyetograph
-----Rain
-----Loss
Table 7.5 : Runoff Depth
Rainfall depth 79.5mm
Initial loss 7.8mm
Continuing loss 2.5mm/h 
Less initial Less continuing Existing Developed
Pervious 71.7 67.95 61.16 13.59
Impervious 79.5 79.50 7.95 63.60
Runoff depth (mm) 69.11 77.19
For the existing and developed catchments the runoff depth is:
Existing 69.11 mm, and
Developed 77.19mm.
The above represents an increase of developed runoff over existing runoff of 11.7%. As 
indicated in table 7.4, the WBNM model calculated an increase in volume and runoff 
depth that ranged from 10.8% to 14.6%. The increase of 11.7% represents the actual 
increase in volume and runoff depth. The difference between the figures is due to the 
model truncating the hydrograph as the outflow tapers to zero, therefore not taking into 
account all of the outflow from the catchment and, consequently, the volume.
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In modelling these results, the impervious area of each of the catchments studied has 
been increased from 10% to 80%, an increase of 7 times. The increased impervious area 
results in further runoff being generated by the catchment.
Column 4 (volume increase over 10% impervious area) in Table 7.3 indicates the 
increase in peak flow at the outlet for each of the catchments. This increase varies from 
8% through to 57.5%, the increase being greater with increasing catchment area. This is 
a major scale effect and also affects the OSD results. The following results compare 
pervious and impervious flows resulting from the 5 year 90 minute storm falling on a 
single catchment of increasing size.
Table 7.6 : Existing Conditions (10% impervious^i -  Peak flows
Area Perv Time Imperv Time Peak Time
(ha) (m3/s) (min) (m3/s) (min) (m3/s) (min)
0.1 0.044 30 0.006 30 0.05 30
0.2 0.084 30 0.011 30 0.095 30
0.5 0.19 30 0.027 30 0.218 30
1 0.345 30 0.054 30 0.399 30
1.5 0.484 30 0.081 30 0.564 30
2 0.611 30 0.106 30 0.718 30
3 0.844 30 0.157 30 1.001 30
4 1.055 30 0.208 30 1.262 30
5 1.25 30 0.257 30 1.507 30
6 1.433 30 0.306 30 1.739 30
7 1.606 30 0.355 30 1.961 30
8 1.771 30 0.403 30 2.175 30
With existing conditions, the pervious portion of flow represents 81% (for catchment 
area of 8ha) through to 88% (for catchment area of O.lha) of the peak flow at the 
catchment outlet. For the 10% developed conditions case, the pervious portion of the 
hydrograph accounts for the bulk of the outflow, as represented by the rapidly rising line 
in Figure 7.3.
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Figure 7.3 : Peak Discharge for Existing Conditions
Peak Discharge 
10% impervious, 5 year storm
•perv
imperv
Table 7.7 
Area 
(ha)
Area (ha)
Maximum Developed Conditions (80% impervious) -  Peak flows
0.1
0.2
0.5
1
1.5
2
3
4
5
6
7
8
Perv
(m3/s)
0.011
0.021
0.049
0.092
0.133
0.172
0.244
0.312
0.377
0.439
0.498
0.556
Time
(min)
30
30
30
30
30
30
30
30
30
30
30
30
Imperv
(m3/s)
0.044
0.086
0.208
0.403
0.593
0.779
1.142
1.498
1.847
2.192
2.533
2.87
Time
(min)
30
30
30
30
30
30
30
30
30
30
30
30
Peak
(m3/s)
0.054
0.107
0.257
0.496
0.726
0.95
1.387
1.81
2.225
2.631
3.031
3.426
Time
(min)
30
30
30
30
30
30
30
30
30
30
30
30
With maximum developed conditions, the pervious portion represents 16% (for 
catchment area of 8ha) through to 20% (for catchment area of 0. lha) of the peak flow at 
the catchment outlet. For the 80% developed conditions case, the impervious portion of 
the hydrograph accounts for the bulk of the outflow, as represented by the rapidly rising 
line in the following graph.
Table 7.8 indicates the change in flow when comparing the peak flows for the 10% and 
80% developed conditions. The changes in flow for the pervious and impervious 
portions of the hydrograph as well as for the total peak flow from each of the 
catchments is presented.
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Table 7.8 : Change in peak flow for 10% and 80e
Area Pervious Impervious Peak Flow
(ha) Portion Portion
0.1 -75.0% 633.3% 8.0%
0.2 -75.0% 681.8% 12.6%
0.5 -74.2% 670.4% 17.9%
1 -73.3% 646.3% 24.3%
1.5 -72.5% 632.1% 28.7%
2 -71.8% 634.9% 32.3%
3 -71.1% 627.4% 38.6%
4 -70.4% 620.2% 43.4%
5 -69.8% 618.7% 47.6%
6 -69.4% 616.3% 51.3%
7 -69.0% 613.5% 54.6%
8 -68.6% 612.2% 57.5%
Figure 7.4 : Peak Discharge for Maximum Developed Conditions
Peak Discharge 
80% impervious, 5 year storm
perv
imperv
Figures 7.3 and 7.4 illustrate that as catchment area increases so does the pervious and 
impervious peak flows from the catchment. The increase in catchment area results in 
the impervious peak flows increasing at a faster rate than the pervious flows.
The increase in peak flow as the catchment area increases is due to the impervious peak 
flow increasing faster than the pervious peak flows. For the 80% impervious area the 
impervious flows are larger than the pervious flows and therefore dominate resulting 
peak flows at the outlet.
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The following graph indicates the total discharge (peak flow at outlet) for increasing 
catchment area and compares the 80% and 10% flows. This clearly indicates that the 
80% impervious flows increase at a faster rate than the 10% flows.
Figure 7.5 : Comparison of impervious and pervious peak flows
Discharge vs Area
— 80% flow 
10% flows
0 2 4 6 8 10
Area (ha)
The increase in peak flow at the catchment outlet as presented in Table 7.3 is therefore 
due to a greater runoff depth for increased impervious area.
Detention Flows -  various storage values
The objective of detention is to reduce the inflow peak discharge I p to some lower value 
Q p. The storage volume S which must be provided to do this is a function of the volume 
of water in the flood V. An estimate for S is given by:
S = V x ( l - Q p/Ip) Equation (1)
After estimating S from equation (1) the initial detention storage volume for each 
catchment was then derived by setting this as equal to S. From this value, the initial
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OSD basin size was set. The cross-sectional area of the storage basin was assumed to 
be square and the depth of the basin was set at a maximum of 1 .Om.
The various catchments were then modelled for the initial storage estimate, with the 
storage value being progressively modified in order to provide a peak flow at the 
catchment outlet which equalled the peak flow for the 10% impervious case. Again, this 
modelling was undertaken for the critical storm, which in this section is the 5 year 90 
minute storm. With changes to storage volume, the size of the OSD basin would also 
change.
An outlet size of diameter 150mm was adopted for each of the catchments. This value 
was adopted as a result of studying various council OSD policies, modelling results in 
this study and OSD facilities available on the market. The reasoning behind outlet 
diameter is also explained in Chapter 6.
In applying the number of outlets to each catchment it was assumed that peak flow is 
proportional to the area of the catchment. Therefore for each catchment, an outlet is 
applied for every 0.1 ha of catchment area. For each of the catchment models, the 
number of 150mm outlets is detailed in Table 7.9.
Table 7.9 : Initial Number of Outlets for Catchment Models
Catchment
Model
Number of outlets 
for catchment
Catchment 
Area (ha)
Catchptl 1 0.1
Catchpt2 2 0.2
Catchpt5 5 0.5
Catch 1 10 1.0
Catch 1pt5 15 1.5
Catch2 20 2.0
Catch3 30 3.0
Catch4 40 4.0
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Catchment
Model
Number of outlets 
for catchment
Catchment 
Area (ha)
Catch5 50 5.0
Catch6 60 6.0
Catch7 70 7.0
Catch8 80 8.0
Multiple outlets have been used as tabulated above in order to model increased 
catchment areas and ensure that peak flows are dependent on the catchments. If 
insufficient outlet capacity is provided, then the OSD basin will overflow and any 
“detention” or attenuation in peak flow will be as a result of the basin overflowing 
rather than from the basin performing as a detention storage facility.
The results for the adopted storage volume and number of outlets specified in Table 7.9 
are provided in Table 7.10.
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Table 7.10 : 
Catchment 
Model
Summary
Area
Catchptl 
Catch pt2 
Catchpt5 
Catch 1 
Catch 1pt5 
Catch2 
Catch3 
Catch4 
Catch5 
Catch6 
Catch7 
Catch 8
(ha)
0.1
0.2
0.5
1.0
1.5
2.0
3.0
4.0
5.0
6.0
7.0
8.0
of Results (number of outlets as per Ta t>le 7.9)
PSD Volume Peak Detention Estimated Model Storage Hw
into OSD Flow at Outlet Storage Storage used
with OSD (eq 1)
(1/s/ha) (m3) (m3/s) (m3) (m3) (m3) (m)
500 80 0.05 5.93 3.5 3.5 1
475 150 0.095 16.82 7.5 7.35 0.98
436 390 0.218 59.18 29 24.621 0.849
399 780 0.399 152.54 86.5 63.837 0.738
376 1160 0.564 258.84 165 110.88 0.672
359 1550 0.718 378.53 272.5 170.04 0.624
333.7 2330 1.001 648.44 565 314.705 0.557
315.5 3110 1.262 941.59 950 485.45 0.511
301.4 3880 1.507 1252.06 1425 676.875 0.475
289.8 4660 1.739 1579.90 1980 883.08 0.446
280.1 5440 1.961 1920.42 2635 1111.97 0.422
271.9 6210 2.175 2267.57 3370 1351.37 0.401
Column 3 is the PSD obtained by dividing the desired peak flow by the catchment area.
Column 4 is the volume produced for the 80% impervious case (maximum developed).
Column 5 in the above table indicates the peak flow at the outlet of the catchment when OSD has been applied to each catchment, and has 
resulted from various modelling runs to produce a peak flow as close to that for the 10% impervious as possible for the PSD in column 3. 
Column 6 is the estimated storage derived from equation (1).
Column 7 is the storage required to be available for detention to provide the required peak flow at the outlet, as calculated by the WBNM model. 
Column 8 is the storage used by the WBNM model for detention of the critical storm.
Column 9 is the depth of water in the OSD structure as calculated by WBNM.
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The results in Table 7.10 indicate that the initial assumptions for the number of outlets 
for each of the catchments is too great as the depth of water in the basins is generally 
less than 0.9m and is as low as 0.4m. By performing trial runs of the model for various 
numbers of outlets, the required number of outlets to ensure that the basin is filled to a 
depth of 1.0m (or close to 1.0m) was found to be as indicated in table 7.11.
Table 7 .11 -
Catchment
Model
dumber of out
Number of 
outlets for 
catchment
lets for catchm
Catchment
Area
(ha)
Catchptl 1 0.1
Catchpt2 2 0.2
Catchpt5 5 0.5
Catch 1 9 1.0
Catch 1pt5 12 1.5
Catch2 15 2.0
Catch3 21 3.0
Catch4 27 4.0
Catch5 32 5.0
Catch6 36 6.0
Catch7 41 7.0
Catch8 45 8.0
The required number of outlets for increasing catchment area is also illustrated on 
Figure 7.6.
The resulting number of outlets as plotted in Figure 7.6 indicates that the required 
number of outlets increases in an almost linear fashion. Closer analysis of Figure 7.6 
indicates that there are tw o "bands" of values. The first is for catchment area less than 
l.Oha and the second is for catchment area from lha to 8ha. For these bands, the 
number of outlets required can be represented by:
• For catchment area up to lha : 9 outlets per ha
• For catchment area 1.5ha to 8ha : 6 outlets per ha
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Figure 7.6 : Catchment area versus required number of outlets (as per Table 7.11)
Area vs Outlets
Outlets
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Table 7.12 : Summary of Results (number of outlets as per Table 7.11)
Catchment Area PSD Peak Volume Peak Detention Estimated Model Storage Hw
Model discharge into OSD Flow at Outlet Storage Storage used
into OSD
(m3)
with OSD (eq 1)
(ha) (1/s/ha) (m3/s) (m3/s) (m3) (m3) (m3) (m)
Catchptl 0.1 500 0.054 80 0.05 5.93 5.93 5.93 1
Catchpt2 0.2 475 0.107 150 0.095 16.82 16.82 16.49 0.98
Catchpt5 0.5 436 0.257 390 0.218 59.18 29 24.62 0.849
Catch 1 1.0 399 0.496 780 0.399 152.54 72.5 63.22 0.872
Catch 1pt5 1.5 376 0.726 1160 0.564 258.84 114 108.98 0.956
Catch2 2.0 359 0.95 1550 0.718 378.53 167.5 164.82 0.984
Catch3 3.0 333.7 1.387 2330 1.001 648.44 305 298.29 0.978
Catch4 4.0 315.5 1.81 3110 1.262 941.59 475 450.30 0.948
Catch5 5.0 301.4 2.225 3880 1.507 1252.06 645 618.56 0.959
Catch6 6.0 289.8 2.631 4660 1.739 1579.90 797.5 795.91 0.998
Catch7 7.0 280.1 3.031 5440 1.961 1920.42 1004 986.93 0.983
Catch8 8.0 271.9 3.426 6210 2.175 2267.57 1182.5 1180.14 0.998
Column 3 is the PSD obtained by dividing the desired peak flow by the catchment area.
Column 4 is the peak flow entering the OSD basin from the catchment.
Column 5 is the volume produced for the 80% impervious case (maximum developed).
Column 6 in the above table indicates the peak flow at the outlet of the catchment when OSD has been applied to each catchment, and has 
resulted from various modelling runs to produce a peak flow as close to that for the 10% impervious as possible for the PSD in column 3. 
Column 7 is the estimated storage derived from equation (1).
Column 8 is the storage required to be available for detention to provide the required peak flow at the outlet, as calculated by the WBNM model. 
Column 9 is the storage used by the WBNM model for detention of the critical storm.
Column 10 is the depth of water in the OSD structure as calculated by WBNM.
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7.2.2 ANALYSIS
The scaling of catchments has produced storage volumes and heights in basins that are 
expected with increasing size of catchment. The results for estimated storage (from 
equation 1) and actual storage (from WBNM with number of outlets as per Table 7.11) 
indicate an increase in storage volume with increased catchment size. This is illustrated 
in Figure 7.7 which indicates that with increasing catchment area, the overestimation of 
estimated storage volume is approximately 50% of the estimated storage volume.
Figure 7.7 : Storage results: Estimated and calculated
Figure 7.7 illustrates that the storage derived from equation 1 results in a larger storage 
than is required. It can also be stated that the storage calculated from equation 1 is a 
conservative estimate which ensures the target peak flow is not exceeded for the applied 
estimated storage volume.
The depth of water for outlets as per Table 7.11 is illustrated in Figure 7.8.
There is a significant increase in the number of outlets provided for increasing 
catchment area (45 times), which is almost identical to the increase in the target peak 
flow (42.5 times). The results for height of water in the OSD basin are within a narrow 
band predominantly from 0.95 to 1.0m. This indicates that the scaling of the catchment
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for increased peak flow has been matched by the increase in the number of outlets to 
best replicate the change in the catchment due to increased catchment area.
Figure 7.8 : Storage results : Depth of W ater in Basin
Figure 7.9 compares the detention storage used divided by the number of outlets for 
each of the catchment areas modelled. For scaling to have little or no effect on 
modelling for detention, it would be expected that the storage used per outlet would be 
reasonably constant. This figure indicates an increase in storage per outlet, although this 
increase is slowing for larger catchment areas. For larger catchment areas, the storage 
used per outlet is approximating a constant value and Figure 7.9 indicates that this value 
is 20 to 25m3.
Figure 7.9 : Storage volume divided by number of outlets
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The effect of scaling on catchments is further illustrated by the following plots of the 
results. The volume entering the OSD basin compared to the storage volume used by 
the basin is illustrated in the following plot.
Figure 7.10 : Volume entering OSD compared to Storage Volume of Basin
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Volume vs Area
Figure 7.10 indicates that the volume entering the OSD structure is increasing at a linear 
rate, reflecting the scale effect of increasing catchment area. The storage used by the 
OSD structure increases with what can be approximated by a line. This indicates that the 
OSD structure is following the same scale effect as the increase in catchment area.
The permissible site discharge (PSD) for catchment area is illustrated on Figure 7.11. 
Note that these results are for the 5 year 90 minute storm.
The PSD is approximately a horizontal line rather than increasing or decreasing at a 
rapid rate. For catchment areas of 2ha and greater, the PSD can be defined as 
approximated by 300 1/s/ha. This result for PSD, along with the plot of storage per
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outlet, indicates that the scaling effect for detention is being reasonably well modelled 
and is not resulting in incorrect results for the applications of detention storage treated. 
Figure 7.11 : PSD versus Area
PSD vs Area
The PSD value can be further illustrated to approximate a constant value when the PSD 
is plotted for a catchment area of 0.1 through to 1.5ha, as illustrated in Figure 7.12. This 
indicates that for catchment areas up to 1.5ha, the PSD can be approximated by the 
value 400L/s/ha.
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Figure 7.12 : PSD versus Area for catchment area of 0.1 to 1.5ha
The results for PSD for smaller catchments further indicate that the scaling of 
catchments is not adversely affecting the results as Figure 7.12 closely approximates a 
constant value.
The site storage requirement (SSR) for catchment area is illustrated on Figure 7.13.
These results mirror those provided in Figure 7.9 for storage per outlet. Again, the plot 
is gradually approximating a horizontal line. There is no rapid increase in SSR, which 
indicates that the scaling effect is not adversely affecting the results for detention 
storage.
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Figure 7.13 : SSR versus catchment area
SSR vs Area
Area (ha)
Summary
The above results provide an indication that the scaling of the catchments for number of 
outlets is consistent for increasing catchment area. The increase in storage per outlet is 
5 times (refer to Figure 7.9) whilst the increase in the number of outlets is 45 times and 
the increase in target peak flow is 42.5 times. The scaling of the catchments has 
resulted in a lower rate of increase in storage volume than the increase in catchment area 
(and number of outlets).
These results indicate that for a single catchment of increasing catchment area the 
results for peak flows and the required volume of detention storage are consistent. This 
indicates that the methodology utilised to represent the scaling of catchments is a 
reasonable means of modelling for the application of OSD.
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For scaling to have no effect, the PSD and SSR values would be constant. Whilst the 
values are not constant, the plots in this section indicate that the values trend towards 
constant values. The results in this section for PSD and SSR indicate that scaling is not 
adversely affecting the results for detention storage. The figures for these values 
indicate slight decreases for PSD and increases for SSR, but not anything of the order 
that would suggest incorrect results.
7.2.3 DRAINS MODEL
In this section the methodology applied in Section 7.2.1 is undertaken again with a 
different model applied. Rather than WBNM, the DRAINS model is used for the 5 year 
storm and applied to 10% and 80% impervious conditions.
Results for the 10% impervious and 80% impervious cases, for the 5 year critical storm 
as noted, are tabulated below.
Table 7.13 : Existing flows -  10% impervious
Catchment
Model
Catchment
Area
(ha)
Peak Flow 
at Outlet 
(m3/s)
Volume
(m3)
Critical
storm
duration
Catchptl 0.1 0.043 38.4 30min
Catchpt2 0.2 0.079 114.0 60min
Catchpt5 0.5 0.175 342.1 90min
Catch 1 1.0 0.302 568.5 60min
Catch lpt5 1.5 0.427 852.0 60min
Catch2 2.0 0.534 1135.1 60min
Catch3 3.0 0.733 1700.3 60min
Catch4 4.0 0.924 2265.1 60min
Catch5 5.0 1.09 2828.9 60min
Catch6 6.0 1.26 3392.5 60min
Catch7 7.0 1.41 3955.3 60min
Catch8 8.0 1.56 5407.2 90min
Note that the above peak flows at the catchment outlet are significantly lower than for 
the WBNM model, as are the volumes of runoff. The difference in peak flow is best
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explained when comparing the time for the peak flow to reach the catchment outlet. 
The following table illustrates these results.
Table 7.14 : Peak Flow times to Outlet
Catchment
Model
WBNM time 
for peak flow 
(minutes)
DRAINS 
time for 
peak flow 
(minutes)
Catchptl 30 15
Catchpt2 30 15
Catchpt5 30 30
Catch 1 30 30
Catch lpt5 30 30.3
Catch2 30 35
Catch3 30 37.9
Catch4 30 40.3
Catch5 30 43
Catchó 30 45
Catch7 30 46.8
Catch8 30 48.7
These results for the time taken for the peak flow to reach the catchment outlet indicates 
why there is the difference in peak flow when comparing DRAINS results with the 
WBNM results. Besides the critical storm for DRAINS being, in most cases, a storm 
other than the 90minute storm, the peak flow occurs at different times to that recorded 
using the WBNM model. In addition to these differences, the DRAINS model uses the 
ILSAX time-area method to calculate runoff, whereas WBNM uses the storage routing 
method.
Table 7.15 : Developed flows -  80% impervious
Catchment
Model
Catchment
Area
(ha)
Peak 
Flow at 
Outlet 
(m3/s)
Peak Flow 
Increase 
over 10% 
Impervious
Volume
(m3/s)
Volume 
Increase 
over 10% 
Impervious
Critical
storm
duration
Catchptl 0.1 0.052 20.93% 76.9 * 90min
Catchpt2 0.2 0.103 30.38% 153.8 * 90min
Catchpt5 0.5 0.255 45.71% 385.0 11.4% 90min
Catch 1 1.0 0.498 64.90% 769.3 * 90min
Catch lpt5 1.5 0.724 69.56% 1153.8 * 90min
Catch2 2.0 0.919 72.10% 1538.2 * 90min
Catch3 3.0 1.35 84.17% 904.2 * 15min
Catch4 4.0 1.79 93.72% 1205.2 * 15min
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Catchment
Model
Catchment
Area
(ha)
Peak 
Flow at 
Outlet 
(m3/s)
Peak Flow 
Increase 
over 10% 
Impervious
Volume
(m3/s)
Volume 
Increase 
over 10% 
Impervious
Critical
storm
duration
Catch5 5.0 2.18 100.00% 1506.0 * 15min
Catchó 6.0 2.57 103.97% 1806.8 * 15min
Catch7 7.0 2.95 109.22% 2107.4 * 15min
Catch8 8.0 3.24 107.69% 3574.1 * 30min
Column 4 in the above table indicates the increase in peak flow at the outlet for each of 
the catchments. This increase varies from 21% through to 108%. This range of increase 
is significantly higher than that calculated using the WBNM model. This is for reasons 
such as:
• different modelling methods,
• comparing different critical storms for 10% impervious area and 80% impervious 
area,
• the 10% peak flow being significantly different to the WBNM flow, and
• due to different peak flow times recorded at the catchment outlet for the two 
modelling methods.
Column 6 in the above table indicates the increase in volume for each of the catchments. 
In this case the volume increase is 11.4% for the equivalent critical storm at 10% and 
80% impervious. This range of increase in volume is similar to that calculated using 
WBNM. The asterisks (*) in this column indicate that this result cannot be compared 
for volume increase over existing conditions volume as the critical storm is different for 
maximum developed conditions and existing developed conditions.
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As illustrated in Table 7.4, the increase in runoff depth, and therefore the increase in 
volume, is 11.7%. The differing figures produced by DRAINS are due, as per the 
WBNM model results, to truncation in the hydrograph results.
The results presented in Table 7.15 are a concern for this modelling exercise as there is 
no consistency in results. For this scenario of testing the model, only the catchment area 
has been modified, with all other catchment data remaining constant. For the critical 
duration to decrease from 90 minutes down to 15 minutes as the area increases is 
inconsistent and disagrees with the expectations for increasing volume at the catchment 
outlet with increasing catchment areas.
Whereas the results for existing conditions have been reasonably consistent, with the 
critical storm being in most cases the 60 minute storm, the results for maximum 
developed conditions indicate that there is a problem with the results. This is especially 
apparent where the catchment area increases above 2ha and the critical storm changes 
from the 90 minute storm to the 15 minute storm. As this issue arises only in the 
maximum developed model, the apparent cause is the increasing impervious area 
proportion of the catchments that are modelled. In order to test this cause, a comparison 
of travel time for the impervious areas was undertaken.
The following table provides a comparison of travel time for impervious and pervious 
areas for the various sized catchments. These travel times were found from the 
hydrographs produced by the DRAINS model for the maximum developed conditions 
model.
Page 7.28
Chapter 7: Scaling results
Table 7.16 : Travel times for pervious and impervious flows
Area
(ha)
Paved
(minutes)
Grassed
(minutes)
0.1 27.4 30
0.2 27.9 30
0.5 28.8 31.37
1 29.7 36.17
1.5 30 39.15
2 30 41.92
3 30 46.4
4 30 49.4
5 30 52.28
6 30 54.48
7 30 56.57
8 30 45.8
This table does not indicate a problem, as the travel time for the impervious area
remains constant at approximately 30 minutes, and the grassed (pervious) area’s travel
time increases with increasing catchment area -  as is expected for the longer flow paths.
In an attempt to provide consistent results the DRAINS models for existing and 
maximum developed conditions were re-run with maximum sub-catchment areas of lha. 
The results for maximum developed conditions results in a consistent critical storm of 
90minute duration for all of the models, however, the peak flows were then simply 
multiples of the lha catchment results. Therefore, this method of modelling with 
DRAINS was discarded.
Based on the results for maximum developed conditions the DRAINS model does not 
accurately model catchment areas of size greater than 2ha. The sudden change in 
critical storm for no apparent reason is a cause for concern and raises doubts as to the 
accuracy of other results from the model and the effectiveness of the model for use in 
large catchments.
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Discussions were also held with Dr G O’Loughlin, the developer of the ILSAX model. 
Dr O’Loughlin confirmed that the ILSAX hydrological model which is used in DRAINS 
is well suited to urban catchments, as long as these are divided into sub-catchments that 
reflect the varying land use proportions over an area. The ILSAX model has been tested 
in several calibration studies using gauged urban catchment data. Dr O’Loughlin also 
advised that the maximum size of a sub-catchment should be limited to lha. The 
ILSAX model was developed for the detailed analysis of urban catchments -  therefore a 
maximum sub-catchment size of lha is sufficient to fulfil this objective. In addition, the 
model is not recommended for use in rural catchment analysis as the model has not been 
calibrated for such situations.
As much of this study will focus on the application of OSD to catchments with areas in 
the hundreds of hectares and with sub-catchments of areas in the tens of hectares, the 
use of this model further in this study has been suspended.
Whilst the principle of utilising two models to verify the accuracy of results is a 
desirable objective, the results from this section so far, along with a great deal of 
modelling effort in an attempt to produce meaningful and comparable results, have 
failed to provide results that can assist in verifying the results from the WBNM model.
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7.3 REDUCTION IN PEAK FLOW BY A FIXED 
PERCENTAGE: 5 yr STORM
7.3.1 INTRODUCTION
In this scenario, the peak flow for maximum developed conditions within a catchment, 
this being the 80% impervious case, was reduced by a given percentage through the 
imposition of on site detention storage for the catchment.
The fixed percentage reductions to be applied are reductions of 10%, 20%, 30% and 
40% to the maximum developed peak flow for the critical storm for the catchment.
This analysis is being undertaken in order to determine if there is a relationship between 
catchment area and the storage required to reduce the maximum developed peak flow 
and to further assist in analysing the impact of scaling to catchments.
In previous sections of this study, reductions to a specified flow were adopted, namely 
to the 10% impervious (or existing) condition. A fixed reduction in peak flow has been 
adopted in this section as this reduction may provide more of an indication of the impact 
of detention with a given storage, rather than reducing to previous developed conditions 
-  which is generally a smaller reduction in peak flow. This fixed reduction also allows 
for a comparison across catchment sizes.
Due to the problems encountered with results from DRAINS in the previous section, 
especially for results for catchment areas greater than 2ha, only the WBNM model will 
be utilised for this and the following sections of this chapter.
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7.3.2 REDUCTION MODELLING
Results for the 80% impervious (or maximum developed conditions) peak flows, for the 
5 year 90 minute storm, which was indicated in the Section 7.2 as the critical storm, are 
tabulated below for the WBNM model.
Table 7.17 Developed flows -  80% impervious
Catchment Catchment 
Area (ha)
Peak Flo 
(m3/s)
Catchptl 0.1 0.054
Catchpt2 0.2 0.107
Catchpt5 0.5 0.257
Catch 1 1.0 0.496
Catch lpt5 1.5 0.726
Catch2 2.0 0.95
Catch3 3.0 1.387
Catch4 4.0 1.81
Catch5 5.0 2.225
Catch6 6.0 2.631
Catch7 7.0 3.031
Catch8 8.0 3.426
Detention Flows -  reduced maximum developed peak flow
In this instance, with a fixed reduction in peak flow being the goal, equation (1) is 
readily simplified to:
S = V x (percentage reduction required)/100 Equation (2)
With the calculation of S, the OSD basin size was set in order to provide sufficient 
storage to reduce the maximum developed peak flow by the desired amount.
The storage basin dimensions were set as in section 7.2 at lm in height and assumed to 
be symmetrical in shape. This allowed for the storage, at various height levels, to be 
readily derived in 0.2m intervals for the H-S relationship in the model.
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The various catchments were then modelled for the estimated storage, with this storage 
being progressively modified in order to provide a peak flow at the catchment outlet 
which equalled the desired reduction in peak flow below the 80% impervious case. 
Again, this was undertaken for the critical storm -  the 5 year 90 minute storm.
An outlet size of diameter 150mm was adopted for each of the catchments, with an 
outlet provided as calculated in section 7.2. From modelling for the required reductions 
in peak flow and to ensure the maximum depth of water in the storage basin 
approximates 1.0m, the required number of outlets for each of the catchments was found 
to be different for each percentage reduction required. These results are illustrated in 
Table 7.18 and Figure 7.14.
Table 7.18 Modified Number of Outlets
Catchment 10%
reduction
20%
reduction
30%
reduction
40%
reduction
catch pt1 1 1 1 1
catch pt2 2 2 2 2
catch pt5 5 5 4 4
catch 1 10 9 8 7
catch1.5 14 13 11 9
catch2 18 16 14 12
catch 3 26 23 20 18
catch4 34 30 27 23
catch 5 42 37 33 28
catch6 49 44 38 33
catch7 57 50 44 38
catch 8 64 57 50 43
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Figure 7.14 : Required number of outlets for percentage reductions in peak flow
The results for the catchments for the targeted reduction in peak flow are tabulated on 
the following pages.
Detention Results
The results for estimated storage, as calculated from equation 2, for the specified
reductions in peak flow are listed in Table 7.19.
Table 7.19 : Estimated Storage (m3) from equation 2
Catchment For 10% For 20% For 30% For 40%
reduction in reduction reduction reduction
peak in peak in peak in peak
Catchptl 8 16 24 32
Catchpt2 15 30 45 60
Catchpt5 39 78 117 156
Catch 1 78 156 234 312
Catch 1.5 116 232 348 464
Catch2 155 310 465 620
Catch3 233 466 699 932
Catch4 311 622 933 1244
Catch5 388 776 1164 1552
Catch6 466 932 1398 1864
Catch7 544 1088 1632 2176
Catch8 621 1242 1863 2484
Using the above estimated storage for each catchment area produced peak flows that 
were not reduced to the target flows. These results are presented in Table 7.20.
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Table 7.2 
Results
): Initial Storage Reduced Peak Flows 
Reduced peak flows due to 
estimated storage (m3/s)
10%red 20%red 30%red 40%red
as values and percentages 
Reduction to maximum 
developed peak flow 
(percentage)
10 20 30 40
Catchptl 0.044 0.038 0.035 0.033 18.5% 29.6% 35.2% 38.9%
Catch pt2 0.087 0.076 0.07 0.066 18.7% 29.0% 34.6% 38.3%
Catch pt5 0.209 0.184 0.17 0.159 18.7% 28.4% 33.9% 38.1%
Catch 1 0.394 0.347 0.32 0.298 20.6% 30.0% 35.5% 39.9%
Catch 1.5 0.562 0.494 0.45 0.419 22.6% 32.0% 38.0% 42.3%
Catch2 0.727 0.636 0.578 0.535 23.5% 33.1% 39.2% 43.7%
Catch 3 1.053 0.916 0.828 0.764 24.1% 34.0% 40.3% 44.9%
Catch4 1.371 1.19 1.075 0.99 24.3% 34.3% 40.6% 45.3%
Catch 5 1.675 1.443 1.3 1.195 24.7% 35.1% 41.6% 46.3%
Catch6 1.951 1.675 1.504 1.376 25.8% 36.3% 42.8% 47.7%
Catch7 2.244 1.922 1.723 1.575 26.0% 36.6% 43.2% 48.0%
Catch8 2.522 2.147 1.92 1.754 26.4% 37.3% 44.0% 48.8%
The right side of Table 7.20 indicates that the reductions in peak flow for the specified
10%, 20%, 30% and 40% reductions are generally greater than that required. In all
cases, except for catchments of area 0.1 to lha for the 40% reduction case, the results
have exceeded expectations for peak flow and indicate that the storage applied is too 
large. Therefore, the storage volumes need to be modified to achieve the required
reduction in peak flow.
The final storage requirements to produce the desired reductions in peak flow are 
tabulated in Table 7.21. These results were derived from trial and error runs for storage
volume with each model.
Table 7.21 Final storage volume requirements (m3) to reduce peak flow 
to that specified
Catchment 10%
reduction
20%
reduction
30%
reduction
40%
reduction
Catchptl 4 9 16 33
Catch pt2 7.2 16 32 66
Catch pt5 17 42 60 117
Catch 1 34 74.5 130 200
Catch 1.5 49 109 177 245
Catch2 64.5 132 226 338
Catch3 96 190 328 532
Catch4 128 257 465 690
Page 7.35
Chapter 7: Scaling results
Catchment 10%
reduction
20%
reduction
30%
reduction
40%
reduction
Catch5 165 326 579 850
Catch6 189 397 671 1016
Catch7 223.5 456 791 1187
catch 8 252.5 528 913 1360
The final storage requirements are plotted on Figure 7.15. These results are generally
linear in nature indicating that the detention model is operating in a fashion that takes
account of scaling for catchment area.
Figure 7.15 : Final Storage Requirements for Required Percentage Reduction in 
Peak Flow
Final Storage Requirements
—♦-10%  red 
- * -2 0 %  red 
—à— 30% red 
—X— 40% red
Table 7.22 : Hmav for OSD Basins
Catchment 10%
reduction
20%
reduction
30%
reduction
40%
reduction
catch pt1 1.000 0.823 0.692 0.532
catch pt2 0.989 0.826 0.674 0.523
catchpt5 0.934 0.777 0.891 0.701
catch 1 0.882 0.865 0.841 0.818
catch1.5 0.946 0.883 0.93 1.000
catch2 0.972 0.972 0.972 0.973
catch 3 0.988 0.996 1.000 0.932
catch4 0.986 0.997 0.955 0.963
catch 5 0.979 0.991 0.963 0.978
catch6 0.999 0.983 1.000 0.983
catch7 0.984 1.000 0.995 0.984
Catch8 0.994 0.991 0.987 0.983
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Figure 7.16 : Depth of W ater in Basin for Required Percentage Reduction in Peak 
Flow
Depth of water in Basin
— 10% reduction
— 20% reduction
— 30% reduction
— 40% reduction
This figure illustrates that for catchment areas for which the depth of water in the 
detention basin is greater than 0.90m, the basin is operating very efficiently.
As can be seen from comparing table 7.21 to 7.19, the storage volumes to achieve the 
specified reduction in peak flow have been decreased.
Using the above revised storage volumes provides the following results, which are 
equivalent to the target flow requirements.
Table 7.23 : Reduced Peak Flows as values and percentages
Results Reduced peak flows due to revised 
storage (m3/s)
Reduction to maximum 
developed peak flow 
(percentage)
10% red 20% red 30% red 40% red
catchptl 0.049 0.043 0.038 0.032
catch pt2 0.096 0.086 0.075 0.064
catchptô 0.231 0.206 0.180 0.154
catch 1 0.446 0.397 0.347 0.298
catch 1.5 0.653 0.581 0.508 0.436
catch2 0.855 0.760 0.665 0.570
10
10%
10%
10%
10%
10%
10%
20 30 40
20% 30% 40%
20% 30% 40%
20% 30% 40%
20% 30% 40%
20% 30% 40%
20% 30% 40%
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Results Reduced peak flows due to revised 
storage (m3/s)
10%red 20%red 30%red 40%red
Reduction to maximum 
developed peak flow 
(percentage)
10 20 30 40
catch3 1.248 1.110 0.971 0.832 10% 20% 30% 40%
catch4 1.629 1.448 1.267 1.086 10% 20% 30% 40%
catch5 2.003 1.780 1.558 1.335 10% 20% 30% 40%
catch6 2.368 2.105 1.842 1.579 10% 20% 30% 40%
catch7 2.728 2.425 2.122 1.819 10% 20% 30% 40%
catch8 3.083 2.741 2.398 2.056 10% 20% 30% 40%
Equation (1) can be simplified due to the fixed reductions in peak flow desired. This
resulted in the equation being reduced to a relationship between volume and storage,
namely:
S = 0.1V, in order to reduce peak flow by 10%,
S = 0.2V, in order to reduce peak flow by 20%,
S = 0.3V, in order to reduce peak flow by 30%, and 
S = 0.4V, in order to reduce peak flow by 40%.
These results for required percentage reductions indicate that equation 1 and equation 2 
(a simplified version of equation 1) provide a required storage volume which is 
essentially conservative. If the volume as calculated by equation 1 is utilised for a 
storage basin, then the peak flow at the outlet of such a basin will be less than that
required -  so flooding will be averted for such storage volumes.
7.3.3 ANALYSIS
Comparison of PSD and SSR
A  comparison of PSD and SSR for each of the catchments is provided on the following 
graphs. These results are provided for each catchment area initially, with 10%, 20%, 
30%, 40% and for the reduction of maximum developed conditions peak flow to 
existing conditions peak flow (value as a square) plotted on each graph.
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Figure 7.17 : PSD vs SSR for O.lha
Figure 7.18 : PSD vs SSR for 0.2ha
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Figure 7.19 : PSD vs SSR for 0.5ha
PSD vs SSR for 0.5ha
PSD (L/s per ha)
Figure 7.21 : PSD vs SSR for 1.5ha
PSD vs SSR for 1.5ha
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Figure 7.22 : PSD vs SSR for 2ha
PSD vs SSR for 2ha
0.0 100.0 200.0 300.0 400.0 500.0
PSD (L/s per ha)
Figure 7.23 : PSD vs SSR for 3ha
PSD vs SSR for 3ha
PSD (L/s per ha)
Figure 7.24 : PSD vs SSR for 4ha
PSD vs SSR for 4ha
PSD (L/s per ha)
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Figure 7.25 : PSD vs SSR for 5ha
PSD vs SSR for 5ha
Figure 7.26 : PSD vs SSR for 6ha
PSD vs SSR for 6ha
PSD (L/s per ha)
Figure 7.27 : PSD vs SSR for 7ha
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Figure 7.28 : PSD vs SSR for 8ha
PSD for SSR for 8ha
PSD (L/s per ha)
Figure 7.29 : PSD vs SSR for All Catchments
Figure 7.30 : PSD vs SSR for All Catchments for specified reduction in peak flow
Page 7.43
Chapter 7: Scaling results
Each of the graphs follows the same general trend of decreasing SSR for increasing PSD 
and this is clearly evident on the plot of results for all catchments. This is expected as 
the larger permissable site discharge requires less storage to be supplied for the site 
discharge to be attained.
The results are generally straight lines with PSD increasing and SSR decreasing for 
smaller reductions in peak flow. This meets expectations as a larger PSD will result 
where the desired (or required) flow is larger from a catchment.
Figure 7.30 indicates the results of PSD vs SSR for those instances where peak flow is 
being reduced by 10%, 20%, 30% and 40% only. The line of best fit on the graph 
indicates that a single line reasonably fits the data for PSD vs SSR. An interesting result 
is the four series of almost horizontal results for PSD vs SSR on the graph. This is 
explained when the results are replotted for each of the required reductions in peak flow.
Figure 7.31 : PSD vs SSR for All Catchments for 10% reduction in peak flow
PSD vs SSR for 10% reduction in peak flow
PSD (L/s/ha)
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Figure 7.32 : PSD vs SSR for All Catchments for 20% reduction in peak flow
PSD vs SSR for 20% reduction in peak flow
PSD (L/s/ha)
Figure 7.33 : PSD vs SSR for All Catchments for 30% reduction in peak flow 
PSD vs SSR for 30% reduction in peak flow
PSD (L/s/ha)
Figure 7.34 : PSD vs SSR for All Catchments for 40% reduction in peak flow
PSD vs SSR for 40% reduction in peak flow
PSD (L/s/ha)
J
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Figures 7.31 to 7.34 indicate that the almost constant values on Figure 7.30 are the 
values for each of the specified reductions in peak flow. These results further indicate 
that the treatment adopted for modelling each of the catchments is consistent for the 
scale effect of increasing area.
Summary
The above results provide an indication that the scaling of the catchments for number of 
outlets is consistent for increasing catchment area. In this section detention storage has 
been applied to the critical storm at maximum developed conditions in order to reduce 
peak flow at the catchment outlet by 10%, 20%, 30% and 40%.
As stated previously, for scaling to have no effect, the PSD and SSR values would be 
constant. Whilst the values are not constant, the plots in this section indicate that the 
values trend towards constant values. The results in this section for PSD and SSR 
indicate that scaling is not adversely affecting the results for detention storage. The 
figures for these values indicate slight decreases for PSD and increases for SSR, but not 
anything of the order that would suggest incorrect results.
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7.4 REDUCTION IN PEAK FLOW BY A FIXED PERCENTAGE - 
UTILISING A CATCHMENT IN CANBERRA
7.4.1 INTRODUCTION
In this scenario, the peak flow for maximum developed conditions within a catchment is 
reduced by a given percentage through the imposition of on site detention storage for the 
catchment. The fixed percentage reductions to be applied are again reductions of 10%, 
20%, 30% and 40% to the maximum developed peak flow for the critical storm for the 
catchment.
In this section, rather than a catchment in the Wollongong area, a theoretical catchment 
in Canberra has been adopted. This is being undertaken in order to determine if the 
relationship between catchment area and the storage required to reduce the maximum 
developed peak flow demonstrated for a catchment in Wollongong applies to a 
catchment in Canberra, which is in Zone 2 and therefore has different Intensity-Rainfall 
Distribution characteristics. This additional modelling for fixed percentage reduction in 
peak flow has been undertaken to ensure that the results found in the previous section 
can be applied to any catchment, regardless of the rainfall patterns for the chosen 
catchment. Catchment data used for each of the scenarios was different to that adopted 
for the catchments in Wollongong and was as follows:
Table 7.24 : Canberra Catchment Data
Lag Parameter C = 1.7 Factor 15001 = 45.2
Impervious Lag Parameter = 0.1 Factor 15012 = 8.37
R = 0.416667 Factor 15072 = 2.36
Elevation = 400 Factor F2 = 4.28
Zone = 2 Factor F50 = 15.55
Factor 10201 = 21.7 Factor G = 0.24
Factor 10212 = 4.24 
Factor 10272 = 1.12
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Further, for this scenario the following loss rates were utilised based on details from 
Australian Rainfall and Runoff (ARR) (Institution of Engineers, 1987):
• Initial Loss 7.8mm
• Continuing Loss Rate 2.3mm/hr
The critical storm used was the 5 year 90 minute storm for each of the catchments.
7.4.2 WBNM MODEL
To determine the pattern of results, only two catchments have been modelled in this 
section:
1. a catchment of area lha
2. a catchment of area 5ha.
These results are expected to be sufficient to verify the results of the previous section. 
The peak flows for maximum developed conditions are as per Table 7.25.
Table 7.25 : Developed flows -  80% impervious conditions
Model Catchment Peak Flow at Critical
Area (Ha) Outlet m3/s Storm
Catch 1 1 Ha 0.185 5 yr, 90 min
Catch5 5 Ha 0.805 5 yr, 90 min
Detention Flows -  reduced maximum developed peak flow
The storage basin dimensions were set at lm  in height and assumed to be symmetrical 
in shape as per the modelling undertaken previously.
The two catchments were then modelled for the estimated storage, with this storage 
being progressively modified in order to provide a peak flow at the catchment outlet
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which approximated the desired reduction in peak flow for the 80% impervious case. 
Again, this was undertaken for the 5 year 90minute storm.
An outlet size of diameter 150mm was adopted for each of the catchments. From 
modelling for the required reductions in peak flow and to ensure the maximum depth of 
water in the storage basin approximates 1.0m, the required number of outlets for each of 
the catchments was found to be different for each percentage reduction required. These 
results are illustrated in Table 7.26.
Results for Canberra Catchment
Original estimates for OSD storage requirements in cubic metres, for the specified 
reductions in peak flow are listed in the following table. The first set of results was 
undertaken with the number of outlets for the catchment set at the same number required 
for the Wollongong catchment results. These were:
Table 7.26 : Original number of outlets for fixed percentage reduction in peak flow
Catchment For 10% 
reduction in 
peak
For 20% 
reduction 
in peak
For 30% 
reduction 
in peak
For 40% 
reduction 
in peak
Catch 1 10 9 8 7
Catch5 42 37 33 28
Table 7.27 : Original Storage Estimates (m3) for fixed percentag 
peak flow
Catchment For 10% 
reduction in 
peak
For 20% 
reduction 
in peak
For 30% 
reduction 
in peak
For 40% 
reduction 
in peak
catch 1 31 62 93 124
catch 5 153 306 459 612
Using the above estimated storage for each catchment area combined with the number 
of outlets for each detention basin provided the following results for peak flow. These 
results are represented on the left side of the column as peak flows and on the right side 
as the actual percentage reduction of the maximum developed peak flow.
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Table 7.28 
Catchment
: Reduced peak flows due to original s 
Reduced peak flows due to 
estimated storage (m3/s)
10%red 20%red 30%red 40%red
torage estimates
Reduction to maximum 
developed peak flow (%) 
10 20 30 40
Catch 1 
Catch5
0.175 0.165 0.151 0.137 
0.758 0.702 0.643 0.574
7.9% 13.2% 20.5% 
6.4% 13.3% 20.6%
27.9%
29.1%
As can be seen from the results in Table 7.28, the estimated storage required to reduce 
the peak flow to the desired level has been underestimated by more than 20% for each
case, with the degree of underestimation increasing with each case requiring an 
increased percentage reduction in peak flow. Whereas for the Wollongong catchment, 
the estimated storage produced peak flows greater than that targeted, in this instance the 
reduction is less than that required. The reasoning for this is explained when the results 
also take into consideration the maximum depth of water in the detention basins, as 
illustrated in Table 7.29.
Table 7.29 : 
Catchment
[)epth of wat< 
For 10% 
reduction in 
peak
jr (m) in detc 
For 20% 
reduction 
in peak
ntion basin 
For 30% 
reduction 
in peak
or Original Storage Estimates 
For 40% 
reduction 
in peak
Catch 1 
Catch 5
0.235
0.244
0.249
0.260
0.259
0.269
0.269
0.286
Table 7.29 also indicates that the maximum depth of water in the detention basin is less 
than one third full. This indicates, along with the peak flows recorded in Table 7.28, 
that too many outlets have been provided for these catchments, resulting in the basins 
having limited effect in reducing peak flows.
After calculating the above, the number of outlets for the detention basins were reduced 
to assist in achieving the desired peak flow. This also serves to increase the depth of 
water in the basin to as close as possible to 1.0m, improving the efficiency of the 
detention storage provided. The storage requirements were also revised in order to
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provide the desired reduction in peak flow. This was undertaken by adopting a series of 
trial and error values for the storage required to reduce the peak flow to the desired flow.
The revised storage requirements and number of outlets to produce the desired 
reductions in peak flow are tabulated below.
Table 7.30 : Modified Storage Estimates (m3) for fixed percentage reduction in
peak flow
Catchment 10% red 20% red 30% red 40% red
Catch 1 10 29 35 64
Catch5 50 107 164 304
Table 7.31 : Modified number of Outlets for fixed percentage reduction in peak
Catchment
low
10% red 20% red 30% red 40% red
catch 1 4 4 3 3
catch 5 15 14 12 11
Using the above revised number of outlets and storage volumes provides the following 
results for peak flow and maximum depth of water in the detention basin.
Table 7.32 : Reduced peak flows due to modified storage estimates
Reduced peak flows due to revised 
storage (m3/s)
Reduction to maximum 
developed peak flow (%)
catch 1 
catch 5
10%red 20%red 30%red 40%red 
0.171 0.152 0.133 0.114
0.729 0.648 0.567 0.486
10
10%
10%
20
20%
20%
30 40
30% 40%
30% 40%
Table 7.33 : Depth of water (m) in detention basin for modified storage estimates
Catchment For 10% For 20% For 30% For 40%
reduction in reduction reduction reduction
peak in peak in peak in peak
Catch 1 0.819 0.684 0.874 0.684
catch 5 1.000 0.934 0.964 0.868
By modifying the detention storage provided and also decreasing the number of outlets,
the results now meet the target peak flows.
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7.4.3 AN ALYSIS
Comparison o f PSD and SSR
A comparison of PSD and SSR for the two catchments studied is provided on the 
following two figures. These results are provided for each catchment area with results 
for reduction of 10%, 20%, 30% and 40% in peak flow.
Figure 7.35 : PSD vs SSR for catchment area lha
PSD vs SSR for 1ha catchment
Each of the graphs follows the same general trend of decreasing SSR for increasing PSD 
and this is clearly evident on the plot of results for all catchments. This is expected as 
the larger permissible site discharge requires less storage to be supplied for the site 
discharge to be attained.
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The results are generally straight lines with PSD increasing and SSR decreasing for 
smaller reductions in peak flow. These results are similar to those found for the 
Wollongong catchment.
Figure 7.37 : PSD vs SSR for both catchments
PSD vs SSR for both catchments
PSD (L/s/ha)
Figure 7.37 provides the results for PSD vs SSR for both catchments. Again, as per the 
Wollongong catchment results, there is clearly an almost constant value for SSR. This 
indicates that the methodology utilised adequately caters for the effect of scale on a 
catchment.
Summary
The above results provide an indication that the scaling of the catchments for number of 
outlets is consistent for increasing catchment area. In this section detention storage has 
been applied to the critical storm at maximum developed conditions in order to reduce 
peak flow at the catchment outlet by 10%, 20%, 30% and 40%. The catchment adopted 
is a theoretical one in Canberra, which has different rainfall and catchment 
characteristics to those studied in previous sections.
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As stated previously, for scaling to have no effect, the PSD and SSR values would be 
constant. Whilst the values are not constant, the plots in this section indicate that the 
values trend towards constant values. The results in this section for PSD and SSR 
indicate that scaling is not adversely affecting the results for detention storage.
These results verify the methodology undertaken for the Wollongong catchment in the 
previous section. The effect of scale OSD storage can be catered for in the modelling 
through the provision of an appropriate number of outlets in the on-site detention 
storage basin that ensures the basin fills to close to the design capacity of 1.0m and 
sufficient storage capacity to ensure that the peak flow is reduced to the target flow.
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7.5 MAXIMUM DEVELOPMENT TO EXISTING CONDITIONS: 
100 YEAR STORM
7.5.1 INTRODUCTION
In this scenario, catchment flows are reduced from the 100 year ARI storm for 
maximum developed peak flow to:
1. the 100 year ARI storm for undeveloped peak flow, represented as 10% 
impervious.
2. the 5 year ARI storm for undeveloped peak flow, represented as 10% 
impervious.
The critical storm used was the 100 year storm which, from the survey results of 
councils (presented in Chapter 3), represents the storm for the typical maximum 
developed conditions that council’s request OSD be applied to and tested for in 
development applications.
The previous sections of this chapter investigated the application of OSD to a single 
catchment with the 5 year storm applied. This enabled the effect of scale to be studied 
and to develop a method of modelling for OSD that was not affected by scaling of a 
catchment. This was further verified by applying OSD to reduce the peak flow to a 
specified target flow.
As a final measure to ensure that the methodology is robust, the 100 year storm will now 
be applied for maximum developed conditions.
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7.5.2 WBNM MODEL
The catchment was modelled for existing conditions (10% impervious) for the 100 year 
90 minute storm and the 5 year 90 minute storms. The peak flows at the catchment 
outlet are tabulated in Table 7.34 and 7.34.
The catchment was also modelled for the maximum developed conditions (80% 
impervious) for the 100 year storm. The critical storm was found to be the 90 minute
storm. The peak flows at the catchment outlet are provided in Table 7.35.
Table 7.34 : Natural flows - 0% impervious 100 Year ARI 90minute storm
Catchment Catchment 
Area (ha)
Peak Flow 
(m3/s) (Q exist)
Catchptl 0.1 0.091
Catchpt2 0.2 0.174
Catchpt5 0.5 0.406
Catch 1 1.0 0.759
Catch lpt5 1.5 1.086
Catch2 2.0 1.394
Catch3 3.0 1.972
Catch4 4.0 2.511
Catch5 5.0 3.021
Catchó 6.0 3.507
Catch7 7.0 3.974
Catch8 8.0 4.425
Table 7.35 : 1
Catchment
Natural flows -
Catchment 
Area (ha)
0% impervious
Peak Flow 
(m3/s) (O exist2)
Catchptl 0.1 0.050
Catchpt2 0.2 0.095
Catchpt5 0.5 0.218
Catch 1 1.0 0.399
Catch lpt5 1.5 0.564
Catch2 2.0 0.718
Catch3 3.0 1.001
Catch4 4.0 1.262
Catch5 5.0 1.507
Catch6 6.0 1.739
Catch7 7.0 1.961
Catch8 8.0 2.175
5 Year ARI 90minute storm
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Table 7.36 : Developed flows -  80% impervious 100 Year ARI 90minute storm
Catchment Peak Flow 
(m3/s) (QDeak)
Increase over 
Natural (%)
Catchptl 0.096 5.5%
Catchpt2 0.188 8.0%
Catchpt5 0.455 12.1%
Catch 1 0.881 16.1%
Catch lpt5 1.293 19.1%
Catch2 1.696 21.7%
Catch3 2.481 25.8%
Catch4 3.245 29.2%
Catch5 3.995 32.2%
Catch6 4.731 34.9%
Catch7 5.457 37.3%
Catch8 6.173 39.5%
Detention Flows -  reduced maximum developed peak flow
With the calculation of S, the OSD basin size was set in order to provide enough 
estimated storage to reduce the maximum developed peak flow by the desired amount. 
This results in the first estimate for OSD size being equal to S.
The storage basin dimensions were set at lm  in height and assumed to be symmetrical 
in shape. This allowed for the storage, at various height levels, to be readily derived in
0.2m intervals for the H-S relationship in the model.
The required number of outlets to ensure that the peak flow was achieved and the depth
of water in the basin was maintained at or close to 1.0m was found to be as follows:
Table 7.37 : Number of Outlets for 5yr and lOOyr storms 
Catchment 5yr storm 100yr storm 
Area (ha) number of number of 
outlets outlets
0.1 1 2
0.2 2 4
0.5 5 9
1 9 16
1.5 12 23
2 15 29
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Catchment 
Area (ha)
5yr storm 
number of 
outlets
100yr storm 
number of 
outlets
3 21 41
4 27 52
5 32 63
6 36 73
7 41 83
8 45 92
The number of outlets for the 5 year storm is as used in Section 7.2.1. This is due to the 
target peak flow being the same storm (the 5 year 90 minute storm for existing 
conditions). The number of outlets for each of the target outflow storms are also 
displayed on the following graph.
Figure 7.38 : Comparison of Number of Outlets for 5yr and lOOyr storm
This graph indicates that, as expected for the larger storm, a greater number of outlets 
are required to meet the requirements for peak flow.
The storage requirements to produce the desired reductions in peak flow are tabulated 
below and illustrated in Figure 7.39.
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Table 7.38 : Storage Results to reduce to 5 year storm 10% developed (existing)
Catchment Storage
3m
Peak flow 
m3/s (Q o u t)
Depth of 
Water (m)
Catchptl 37 0.05 1.000
Catch pt2 85 0.095 0.971
Catch pt5 260 0.218 0.852
Catch 1 546 0.399 0.872
Catch 1.5 778 0.564 0.956
Catch2 1040 0.718 0.984
Catch3 1655 1.001 0.977
Catch4 2365 1.262 0.949
Catch 5 3015 1.507 0.959
Catch6 3565 1.739 0.998
Catch7 4310 1.962 0.984
Catch 8 4945 2.175 0.999
Table 7.39 : Storage Results to reduce to 100 year storm 10% developed (existing)
Catchment Storage
m3
Peak flow
m3/s (Q o u t)
Depth of 
Water (nr
Catchptl 5 0.091 0.914
Catch pt2 13 0.174 0.846
Catch pt5 34.5 0.406 0.897
Catch 1 85 0.759 0.970
Catch 1.5 148.5 1.086 0.964
Catch2 215 1.394 0.991
Catch3 380 1.972 0.991
Catch4 588 2.511 0.997
Catch5 824 3.021 0.987
Catch6 1073 3.507 0.990
Catch7 1360 3.974 0.985
Catch 8 1640 4.425 0.991
Page 7.59
Chapter 7: Scaling results
7.5.3 ANALYSIS
The calculated storage volumes have resulted in a reduction in peak flow from the 
developed 100 year 90 minute peak flow to the undeveloped 5 year 90 minute peak flow 
and the 100 year 90 minute peak flow.
Figure 7.39 : Comparison of 5 year and 100 year storage requirements
5 year storage vs 100 year storage
100yr S 
-*-5yr S
The volume of storage required to reduce the 100 year developed peak flow to the 5 year 
and 100 year existing conditions peak flows are compared in Figure 7.39.
This figure indicates that a significant additional storage volume is required to reduce 
the 100 year developed peak flows to 5 year existing peak flows. This is as expected 
when the target peak flows are compared -  the 5 year flows are less than half the size of 
the 100 year peak flows for existing conditions. Therefore, it would be expected that 
additional storage would be required to reduce flows to this lower target.
The storage required to reduce the 100 year developed storm to both the 100 year and 5 
year existing storm peak flows is compared in the following table. This indicates that
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there is a significant amount of additional storage volume required to manage the 100 
year peak flows down to a 5 year peak.
Table 7.40 : Required Storage for 5 year and 100 year storm (existing)
Catchment 5 Yr 
Storage 
m3
100 Yr 
Storage
3m
100 yr/5 
storage
Catchptl 37 5 14%
Catch pt2 85 13 15%
Catch pt5 260 34.5 13%
Catch 1 546 85 16%
Catch 1.5 778 148.5 19%
Catch2 1040 215 21%
Catch 3 1655 380 23%
Catch4 2365 588 25%
Catch 5 3015 824 27%
Catch6 3565 1073 30%
Catch7 4310 1360 32%
Catch 8 4945 1640 33%
A comparison of SSR and PSD for reducing the lOOyear developed conditions to the 
lOOyear existing and 5year existing conditions is presented in Table 7.41.
Table 7.41 : Comparison of SSR and PSD
Catchment 
Area (ha)
100 yr to 10Oyr 
existing
SSR PSD 
(m3/ha) (Us per ha)
100yr to 5yr existing
|SSR PSD 
(m3/ha) (Us per ha)
0.1 50.0 910.0 370.0 500.0
0.2 65.0 870.0 425.0 475.0
0.5 69.0 812.0 520.0 436.0
1 85.0 759.0 546.0 399.0
1.5 99.0 724.0 518.7 376.0
2 107.5 697.0 520.0 359.0
3 126.7 657.3 551.7 333.7
4 147.0 627.8 591.3 315.5
5 164.8 604.2 603.0 301.4
6 178.8 584.5 594.2 289.8
7 194.3 567.7 615.7 280.1
8 205.0 553.1 618.1 271.9
The results in Table 7.41 indicate that the PSD and SSR are reasonably constant in two 
bands for catchment area. The bands for catchment area are from 0.1 to 1.5ha and from
2ha to 8ha. The increase (decrease) in these values is not at a rapid rate which indicates
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that the effect of scale for the 100 year storm is negligible, as was found previously for 
the 5 year storms. The results are further illustrated in Figures 7.40 and 7.41.
Figure 7.40 : PSD and SSR for lOOyear developed storm to lOOyear existing storm 
peak flows
Figure 7.41 : PSD and SSR for lOOyr developed storm to 5yr existing storm peak 
flows
PSD and SSR vs Area : 100yr developed to 5 yr 
existing
3
Q
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Summary
The above results provide an indication that the scaling of the catchments for number of 
outlets is consistent for increasing catchment area.
For scaling to have no effect, the PSD and SSR values would be constant as the size of 
the catchment increased. Whilst the values are not constant, the plots in this section
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indicate that the values trend towards constant values (Refer to Figures 7.40 and 7.41). 
The results in this section for PSD and SSR indicate that scaling is not adversely 
affecting the results for detention storage. The figures for these values indicate slight 
decreases for PSD and increases for SSR as catchment size increases, but not anything 
of the order that would produce incorrect results.
The results presented in this section for the reduction of the 100 year storm for 
maximum developed conditions to the 5 year existing conditions peak flows actually 
result in a constant value for SSR arising more rapidly than for the reduction to the 100 
year existing conditions. This is evident when comparing the results presented in Figure 
7.41 to those presented in Figure 7.40.
For the greater reduction in peak flow from a large to a small storm, the SSR is, as 
expected, substantially greater than for the reduction from maximum developed to 
existing conditions for the same storm. As indicated in Table 7.41, this increase in SSR 
ranges from 3 to 7 times.
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7.6 CONCLUSIONS
A single catchment has been modelled for varying catchment area in order to assist in 
analysing the impact of scaling to catchments. The single catchment was modelled with 
all other catchment data remaining constant except for the area of the catchment
The scenarios test the performance of OSD relevant to a catchment and also assist in 
testing the sensitivity of the model to scaling of the catchment. These scenarios serve to 
provide results over a range of catchment areas and indicates that the theory for applying 
detention storage holds over this range of catchment sizes.
The results for fixed percentage reductions in peak flow further reinforce that the 
methodology for scaling of catchments is correct. The comparison of final/estimated 
storage for each of the desired reductions in peak flow indicates that each follow an 
increasing trend in storage volume required, the primary difference being the different 
base values that each of the reductions curves starts from. Each model also required 
more outlets to ensure peak flow targets are met for increasing catchment area. This 
increase is not linear but increases by what would be best represented by a curve.
The PSD and SSR for reducing the 5 yr and 100 yr storms to existing conditions were 
calculated. The results for number of outlets and PSD and SSR for the various models 
are provided in Table 7.42. The SSR values from the table are plotted on Figure 7.35. 
This indicates that the SSR to reduce the 5 yr maximum developed conditions outflow 
to 5 yr existing conditions and the lOOyr maximum developed conditions outflow to 100
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yr existing conditions are similar, whereas to reduce the 1 OOyr storm to the 5 yr existing 
conditions requires considerably more storage.
Figure 7.42 : Comparison of SSR for various storms
Comparison of SSR for various storms
5 to 5yr SSR 
100 to 100yr SSR 
100 to 5yr SSR
The results in this chapter indicate that there is a minor effect of scale on a catchment. 
This effect is not exactly proportional to catchment area, as was presented for the 
required number of outlets for each of the catchments. The results in this chapter 
indicate that the methodology utilised to provide OSD to catchments is a reasonable 
means of modelling and accounts for the minor effect of scaling on catchment peak 
flows.
Pase 7.65
Chapter 7: Scaling results
Table 7.42 : Comparison of SSR and PSD for various storms
Catchment 
Area (ha)
5 year to 5 year existing 
Number of SSR PSD 
outlets (m3/ha) (L/s per ha)
100 year to 100 year existing 
Number of SSR PSD 
outlets (m /ha) (L/s per ha)
100 year to 5 year existing 
Number of SSR PSD 
outlets (m3/ha) (L/s per ha)
0.1 1 59.3 500 2 50.0 910.0 1 370.0 500.0
0.2 2 84.1 475 4 65.0 870.0 2 425.0 475.0
0.5 5 58.0 436 9 69.0 812.0 5 520.0 436.0
1 9 72.5 399 16 85.0 759.0 9 546.0 399.0
1.5 12 76.0 376 23 99.0 724.0 12 518.7 376.0
2 15 83.8 359 29 107.5 697.0 15 520.0 359.0
3 21 101.7 333.7 41 126.7 657.3 21 551.7 333.7
4 27 118.8 315.5 52 147.0 627.8 27 591.3 315.5
5 32 129.0 301.4 63 164.8 604.2 32 603.0 301.4
6 46 132.9 289.8 73 178.8 584.5 36 594.2 289.8
7 41 143.4 280.1 83 194.3 567.7 41 615.7 280.1
8 45 147.8 271.9 92 205.0 553.1 45 618.1 271.9
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Chapter 8 -  High Early Discharge
SCALING RESULTS FROM WBNM -  UTILISING HED CONTROL
8.1 INTRODUCTION
In this section, one sub-catchment again is used for the model with a variable area for 
the catchment, in order to determine the relationship between catchment size and OSD 
basin size and to further assist in determining the sensitivity of the method to scaling. 
All other catchment data remain constant. High early discharge is applied rather than 
normal detention for these results. The use of high early discharge control is explained 
in section 8.2.
8.2 HED MODELLING
High early discharge (HED) is a method that increases the rate of discharge from a 
detention basin such that the permissible site discharge (PSD) is reached early in the 
storm. This rate of discharge is maintained for as long as possible,
A HED storage basin consists of 2 chambers. Runoff from the site flows into the first 
chamber which has a small volume. This chamber quickly fills, allowing discharges out 
of the OSD to quickly rise to the maximum value. This maximum discharge is often 
referred to as the Permissible Site Discharge (PSD). When the first chamber fills, water 
flows over a connecting weir into the second, larger chamber. This chamber takes some 
time to fill, so that the discharges from the OSD remains at the PSD for some time. 
When the inflow to the OSD from the site ends, both chambers slowly empty and the 
discharge from the OSD slowly falls. The volume of the larger chamber is sometimes 
referred to as the Site Storage Requirement (SSR). The advantages of a HED storage
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basin are that the discharge out of the storage can be better controlled at the PSD value, 
and the SSR needed is smaller than in a conventional storage.
The principles behind HED are illustrated in the following diagram.
Figure 8.1 -  Principles of HED modelling (source: WBNM User Guide, Boyd 2000)
Overflow to
main
chamber /
___________ik__i
HED OSD Storage
Discharge out (PSD)
This figure illustrates that for HED storage, runoff is “throttled” to the desired discharge 
rate by the diameter of the outlet. This allows for the discharge (PSD) to be maintained 
over a longer period of time, and lasting longer than the end of the storm duration. The 
relationship between flowrate and time for outflow and site runoff is indicated on figure 
8.2 .
In order to undertake the modelling for HED, the following inputs were required in the 
actual model data:
• the storage volume for the basin up to 0.8m of the basins total 1.0m height was set to 
zero
• the storage volume at the 0.8m level was set at 90% of the basin volume
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A volume was then applied for the basin and through trial and error, a suitable storage 
volume that supplied either the discharge required or that prevented the height of the 
basin from being exceeded, was determined.
Figure 8.2 -  Relationship between flowrate and time for HED storage (Source: 
WBNM User Guide, Boyd 2000)
HED OSD Storage
The results of modelling a single catchment with a HED controlled detention basin 
follow.
8.3 W BNM  M ODEL
One subcatchment was modelled, as in Chapter 7, with all data remaining constant 
except for the area of the catchment, which was increased in steps from 0.1 Ha up to 
8Ha.
In order to model the effectiveness of on site detention with HED. the results from 
earlier modelling with 10% and 80% impervious were used, for the 5 year 90minute 
storm and 100 year 90minute storm. These results are presented in Tables 8.1 and 8.2.
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Table 8.1 5 year storm Existing flows (10% impervious) and Developed
flows(80% impervious)
Catchment
Model
Catchment
Area
(ha)
Peak Flow at 
Outlet for 10% 
impervious area 
(m3/s)
Peak Flow at 
Outlet for 80% 
impervious area 
(m3/s)
Catchptl 0.1 0.050 0.054
Catch pt2 0.2 0.095 0.107
Catchpt5 0.5 0.217 0.257
Catch 1 1.0 0.397 0.496
Catch 1pt5 1.5 0.561 0.726
Catch2 2.0 0.714 0.950
Catch3 3.0 0.996 1.387
Catch4 4.0 1.256 1.810
Catch5 5.0 1.499 2.225
Catch6 6.0 1.730 2.631
Catch7 7.0 1.952 3.031
Catch8 8.0 2.164 3.426
Table 8.2 100 year storm Existing flows (10% impervious) an 
flows (80% impervious)
Catchment Catchment Peak Flow at Peak Flow at
Model Area Outlet for 10% Outlet for 80%
(ha) impervious area 
(m3/s)
impervious area 
(m3/s)
Catchptl 0.1 0.091 0.096
Catch pt2 0.2 0.174 0.188
Catchpt5 0.5 0.406 0.455
Catch 1 1.0 0.759 0.881
Catch 1pt5 1.5 1.086 1.293
Catch2 2.0 1.394 1.696
Catch3 3.0 1.972 2.481
Catch4 4.0 2.511 3.245
Catch5 5.0 3.021 3.995
Catch6 6.0 3.507 4.731
Catch7 7.0 3.974 5.457
Catch8 8.0 4.425 6.173
8.3.1 DETENTION FLOWS -  VARIOUS SSR VALUES
As stated in the section on methodology (refer to Chapter 5), the HED storage volume is
initially assumed to be 70% of the normal discharge control volume for the detention 
basin.
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In this section HED was applied for three scenarios:
• reducing the 5yr developed to the 5yr existing flow;
• reducing the 1 OOyr developed to the 1 OOyr existing flow; and
• reducing the lOOyr developed to the 5yr existing flow.
The initial HED storage volumes applied are as indicated in the following tables. The 
resulting peak flows at the catchment outlet for these storage volumes are also indicated.
The model for normal storage detention was therefore modified to utilise HED storage 
with the initial volume for the basin being as detailed in the tables above for each of the 
scenarios. This modification occurred in the h-s relationship, with storage volumes 
being set at 0 m for storage heights from 0 to 0.6m, and an internal weir being placed at 
an initial height of 0.8m in the detention basin.
Table 8.3 5yr developed to 5yr existing
Catchment
Area
Normal
Storage
(m3)
HED
Storage
(m3)
SSR Peak flow Hmax in Number of 
at outlet basin outlets 
(m3/ha) (m3/s) (m)
0.1 5.93 4.15 41.5 0.041 0.779 1
0.2 16.49 11.54 57.7 0.079 0.722 2
0.5 24.62 17.23 34.5 0.202 0.753 5
1 63.22 44.25 44.3 0.364 0.753 9
1.5 108.98 76.29 50.9 0.496 0.779 12
2 164.82 115.37 57.7 0.617 0.774 15
3 298.29 208.80 69.6 0.866 0.777 21
4 450.30 315.21 78.8 1.109 0.773 27
5 618.56 432.99 86.6 1.321 0.778 32
6 795.91 557.13 92.9 1.513 0.800 36
7 986.93 690.85 98.7 1.719 0.797 41
8 1180.14 826.09 103.3 1.984 0.840 45
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Table 8.4 lOOyr developed to lOOyr existing
Catchment Normal HED SSR Peak flow Hmax in Number of
Area Storage Storage at outlet basin outlets
(mJ) (m ) (m1 23/ha) (m3/s) (m)
0.1 5 3.5 35.0 0.083 0.783 2
0.2 13 9.1 45.5 0.159 0.737 4
0.5 34.5 24.15 48.3 0.37 0.774 9
1 85 59.5 59.5 0.668 0.792 16
1.5 148.5 103.95 69.3 0.953 0.783 23
2 215 150.5 75.3 1.211 0.792 29
3 380 266 88.7 1.704 0.787 41
4 588 411.6 102.9 2.166 0.789 52
5 824 576.8 115.4 2.617 0.786 63
6 1073 751.1 125.2 3.046 0.791 73
7 1360 952 136.0 3.458 0.789 83
8 1640 1148 143.5 3.852 0.795 92
Table 8.5 lOOyr developed to Syr existing
Catchment Normal HED SSR Peak flow Hmax in Number of
Area Storage Storage at outlet basin outlets
(m l (mJ) (m3/ha) (m3/s) (m)
0.1 37 25.9 259.0 0.051 1.096 1
0.2 85 59.5 297.5 0.089 0.87 2
0.5 264 184.8 369.6 0.204 0.766 5
1 554 387.8 387.8 0.372 0.781 9
1.5 786 550.2 366.8 0.552 0.926 12
2 1055 738.5 369.3 0.731 1.011 15
3 1675 1172.5 390.8 1.032 1.025 21
4 2395 1676.5 419.1 1.286 0.977 27
5 3050 2135 427.0 1.568 1.019 32
6 3610 2527 421.2 1.876 1.118 36
7 4366 3056.2 436.6 2.108 1.096 41
8 5005 3503.5 437.9 2.376 1.139 45
The above HED storages resulted in:
1. the 5yr developed flows being reduced below the target 5 yr existing flows,
2. the lOOyr developed flows being reduced below the target lOOyr existing flows, and
3. the lOOyr developed flows being reduced below the target 5yr existing flows for
catchment areas up to 1.5ha and reduced to above the target 5yr existing flows for
the remaining.
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Therefore, the HED storage needs to be modified to achieve the target peak flow at the 
catchment outlet and ensure that the maximum depth of water in the detention basin is 
as close to lm as is possible.
In order to achieve the desired reduction in peak flow for HED storage, some trial and 
error of storage volume was required.
The final results to achieve the desired flows are detailed in section 8.3.2.
8.3.2 RESULTS
The following results are for HED applied with the same number of 150mm outlets used
as in the normal storage study, which are also listed in the above tables.
Table 8.6 5 yr developed to 5 yr existing
Catchment
Model
WBNM
calculated
SSR
(m3/Ha)
WBNM
calculated
storage
(m3)
Peak Detention 
Flow at Outlet 
with HED
(m3/s)
% storage 
of normal 
storage
Hmax in 
basin
(m)
Catchptl 24.3 2.43 0.049 41% 1.000
Catchpt2 21.5 4.30 0.095 26% 0.974
Catchpt5 21.8 10.9 0.217 44% 0.846
Catch 1 29.1 29.1 0.397 46% 0.864
Catch lpt5 36.3 54.4 0.564 50% 0.948
Catch2 41.2 82.3 0.714 50% 0.975
Catch3 49.5 148.5 0.996 50% 0.970
Catch4 56.1 224.5 1.256 50% 0.941
Catch5 65.3 326.5 1.499 53% 0.952
Catchó 76.0 456.0 1.73 57% 0.990
Catch7 81.0 567.0 1.952 57% 0.976
Catch8 87.9 703.0 2.164 60% 0.991
Page 8.7
Chapter 8 -  High Early Discharge
Table 8.7 100 yr developed to 10( yr existing
Catchment WBNM WBNM Peak Detention % storage Hmax in
Model calculated calculated Flow at Outlet of normal basin
SSR storage with HED storage
(m3/Ha) (m3) (m3/s) (m)
Catchptl 25.0 2.5 0.091 71% 0.909
Catchpt2 22.0 4.4 0.174 48% 0.846
Catchpt5 28.9 14.45 0.406 60% 0.897
Catch 1 46.8 46.8 0.759 79% 0.971
Catchlpt5 50.4 75.6 1.086 73% 0.963
Catch2 56.1 112.2 1.394 75% 0.990
Catch3 62.6 187.7 1.972 71% 0.991
Catch4 74.6 298.4 2.511 72% 0.997
Catch5 83.2 415.8 3.021 72% 0.987
Catch6 93.2 558.9 3.507 74% 0.990
Catch7 102.6 718.5 3.974 75% 0.984
Catch8 111.7 893.8 4.425 78% 0.991
Table 8.8 100 yr developed to 5 yr existing
Catchment WBNM WBNM Peak Detention % storage Hmax in
Model calculated calculated Flow at Outlet of normal basin
SSR storage with HED storage (m)
(m3/Ha) (m3) (m3/s)
Catchptl 270.0 27 0.05 73% 1.000
Catchpt2 275.0 55 0.095 65% 0.970
Catchpt5 2890.0 144.5 0.217 55% 0.843
Catch 1 329.0 329 0.397 59% 0.866
Catch lpt5 360.7 541 0.561 69% 0.949
Catch2 379.5 759 0.714 72% 0.976
Catch3 408.3 1225 0.996 73% 0.971
Catch4 431.5 1726 1.256 72% 0.942
Catch5 451.0 2255 1.499 74% 0.952
Catch6 466.2 2797 1.73 77% 0.990
Catch7 480.7 3365 1.952 77% 0.976
Catch8 492.8 3942 2.164 79% 0.991
These results indicate that HED requires less storage volume than for normal discharge,
as would be expected from HED theory.
For the reduction from the 5yr developed to 5yr existing conditions, the storage volume
for HED is generally 50% of that required using normal detention.
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For the reduction from the lOOyr developed to lOOyr existing conditions, the storage 
volume for HED is generally in the range of the low to mid seventies as a percentage of 
the storage required using normal detention.
For the reduction from the lOOyr developed to 5yr existing conditions, the storage 
volume for HED is generally in a range either side of 70% of that required using normal 
detention.
The results are further explained on the following figure for HED storage and catchment 
area.
Figure 8.3 -  HED storage versus catchment area 5yr developed to 5yr existing
HED Storage Volume
HED storage 
■Fitted straight line
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Figure 8.4 -  HED storage versus catchment area lOOyr developed to lOOyr existing
Figure 8.5 -  HED storage versus catchment area lOOyr developed to 5yr existing
HED Storage Volume
These results indicate an increasing trend for storage volume as catchment area 
increases. This is as expected with increasing area, when all other factors are kept 
constant.
A closer examination of the above figure indicates where the storm is being reduced 
from the developed to existing conditions flows for the same storm, there are bands of 
storage requirements for area that can be better represented by dividing figures 8.3 and 
8.4 into a series of graphs for various ranges in catchment area. These are illustrated on 
the following figures. These figures are plotted for SSR (rather than storage volume)
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versus catchment area. SSR has been plotted as this provides a clearer comparison for 
increasing catchment areas.
Figure 8.6 -  SSR values for Catchment Areas 0.1 to 0.5ha
SSR for 0.1 to 0.5ha
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Figure 8.7 -  SSR values for Catchment Areas 1 to 4ha
j j I '
SSR for 1.0 to 4.0ha
SSR 5yr to 5yr 
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Figure 8.8 -  SSR values for Catchment Areas 5 to 8ha
SSR for 5.0 to 8.0ha
SSR 5yr to 5yr 
SSR 100yr to 100yr
The previous figures indicate that the SSR varies as per the following table:
Table 8.9 SSR for Catchment Area
Area
(ha)
SSR 5yr to 5yr 
(m3/s/ha)
SSR 100yr to 100yr 
(m3/s/ha)
0.1 41.5 35
0.2 57.7 45.5
0.5 34.5 48.3
1 44.3 59.5
1.5 50.9 69.3
2 57.7 75.3
3 69.6 88.7
4 78.8 102.9
5 86.6 115.4
6 92.9 125.2
7 98.7 136.0
8 103.3 143.5
The following figure displays the relationship between HED storage volume and normal
discharge control storage volume. This indicates that there is a significant saving in
detention volume through the implementation of HED storage to each of the three
scenarios that were analysed for HED conditions.
Figure 8.9 also indicates that the saving in storage volume is reasonably consistent for 
increasing catchment area, especially for areas of 2ha and greater.
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Figure 8.9 -  Storage reduction due to HED control
Storage Reduction compared to Normal Detention
5yr-5yr 
100yr-100yr 
100yr-5yr
8.4 ANALYSIS
The modelling indicates real benefits from the application of HED control to on-site 
detention basins. This primarily arises from savings resulting in the required storage 
being a maximum of 80% of the storage required for normal detention basins.
The following graphs present a comparison of normal and HED detention flows from 
the lha and 5ha catchments for the three scenarios tested in this chapter.
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5vr developed storm reduced to 5yr existing storm 
Figure 8.10 -  Peak flow for lha  catchment
Normal detention and HED detention flows, 1ha 
catchment
Q normal 
Q HED
Figure 8.11 -  Peak flow for 5ha catchment
Normal detention and HED detention flows, 5ha 
catchment
Q Normal 
Q HED
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lOOyr developed storm reduced to lOOyr existing storm 
Figure 8.12 -  Peak flow for lha  catchment
1 Normal Detention and HED detention flows, 1ha 
catchment
Q normal 
Q HED
Figure 8.13 -  Peak flow for 5ha catchment
Normal detention and HED detention flows, 5ha 
catchment
Q normal 
Q HED
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lOOyr developed storm reduced to 5yr existing storm 
Figure 8.14 -  Peak flow for lha  catchment
Normal detention and HED detention flows, 1ha 
catchment
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Figure 8.15 -  Peak flow for 5ha catchment
Normal detention and HED detention flows, 5ha 
catchment
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The above graphs directly compare the peak flows at the outlet of the lha and 5ha 
catchments studied in this chapter. The graphs indicate that both normal and HED 
detention achieve the objective of limiting the peak flow from the catchment to the 
desired or target peak flow. These results also indicate that the flow rates arising from 
HED detention commences and finishes earlier than from normal detention storage as 
the desired or target peak flow is attained quickly.
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The results presented in this chapter have been derived through trial and error for 
varying values of basin storage volume. The initial trial value has been based on 
assuming a storage volume of 70% of that required for normal discharge control.
8.5 CONCLUSION
The results indicate that the use of HED for catchment with increasing catchment area 
can provide significant savings on the storage volume required that would otherwise be 
used under normal discharge control. This reduction results in volumes that generally 
range from 50% to 80% of that utilised in normal discharge control. The results plateau 
for catchments of 2ha and greater such that the saving in storage volume tends to be 
consistent. The results are as expected from HED theory in terms of providing 
significant savings in storage volume to control peak storm flows.
HED control has been found to be an effective form of limiting storage volume and still 
achieving the desired objectives of limiting peak runoff from a catchment.
The results also indicate that the applicable SSR varies with catchment area, where the 
developed storm is being reduced to the existing condition flows for that same storm. 
The following table indicates this band of values.
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Table 8.10 lands of SSR for Catchment Area
Area SSR 5yr to 5yr SSR 100yr to 100yr
(ha) (m3/s/ha) (m3/s/ha)
0.1 41.5 35
0.2 57.7 45.5
0.5 34.5 48.3
1 44.3 59.5
1.5 50.9 69.3
2 57.7 75.3
3 69.6 88.7
4 78.8 102.9
5 86.6 115.4
6 92.9 125.2
7 98.7 136
8 103.3 143.5
Where the developed storm is being reduced to another smaller storms existing flow 
conditions the relationship of storage to area is basically linear, as detailed in the
following diagram.
Figure 8.16 -  HED storage volume for reducing lOOyr to 5yr flows
HED Storage Volume 
100yr developed to 5yr existing peak flow
Catchment Area (ha)
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BRANCHED NETWORK RESULTS
9.1 INTRODUCTION
As explained in Chapter 1 of this study, chapters 9 and 10 investigate point 3:
‘Analysis of sensitivity of modelling with respect to lumping of sub-catchments 
within real catchments’.
In this chapter, a sub-catchment of the Hospital Hill catchment in Wollongong, sub­
catchment 1, with a branched drainage network has been modelled for OSD. This sub­
catchment consists of 58 house lots.
For this model the catchments have been divided into sub-catchments based on the 
individual house lots. These house lots have then been progressively lumped together 
to form larger sub-catchments in order to test the effectiveness of scaling amongst a 
branched catchment. This additional analysis has been undertaken to determine if there 
are any detrimental effects from the utilisation of OSD within a branched network.
The model has been set up to model drainage for the catchment such that flows from 
streets are included, with these flows entering the system at defined points in the 
network -  represented by nodes/ sub-catchments with 100% impervious area. House lot 
drainage has been modelled to enter the street drainage at the end of each lot -  as 
described previously in Chapter 6.
Data and methods generated in Chapters 6,7 and 8 have been adopted for this more 
detailed and larger catchment.
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This catchment was modelled using the WBNM model for the following numbers of
sub-catchments.
Table 9.1 Model details
Model______ Number of sub-catchments
Catch58 58 sub-catchments
Catch30 30 sub-catchments
Catch 19 19 sub-catchments
Catch 12 12 sub-catchments
Catch8 8 sub-catchments
The average areas for the sub-catchments with the above break-up into models are
indicated in the following table.
Table 9.2 Model sub-catchment average areas
Model Average sub­
catchment area
Catch58 0.10 ha
Catch30 0.20 ha
Catch 19 0.32 ha
Catch 12 0.51 ha
Catch8 0.77 ha
As for the one sub-catchment analysis presented previously, this catchment was first 
modelled for existing (or 10% impervious) conditions, then for maximum developed (or 
80% impervious) conditions and then with OSD applied.
In order to ascertain the effects of OSD on “real” catchments, the above configurations 
were modelled for both normal and high early discharge control. This involved using a 
150mm outlet and the same procedure for calculating and applying storage as per 
chapters 7 and 8.
In order to calculate the existing and maximum developed conditions peak flows, the 5 
year ARI and the 100 year ARI storms were modelled for the following storm 
durations:
• 15 minutes,
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• 30 minutes,
• 60 minutes,
• 90 minutes,
• 120 minutes, and
• 180 minutes.
The results are provided below, followed by a discussion of the results.
The catchment layouts and connectivity of sub-catchments are as indicated on the 
following figures.
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Catch 12
Figure 9.1 -  Catchment layout and connectivity for Catch8 and Catchl2
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Figure 9.2 -  Catchment layout and connectivity for Catchl9
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Figure 9.3 -  Catchment layout and connectivity for Catch30
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Figure 9.4 -  Catchment layout and connectivity for Catch58
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9.2 WBNM MODEL RESULTS
9.2.1 EXISTING CONDITIONS (10% Impervious)
The peak flows at the catchment outlet, for each of the modelled storms, are tabulated 
below. The existing conditions results are for the 5 year storm.
Table 9.3 Peak Flows for Existing Conditions
Catchment 15min 30min 60min 90min 120min 180min
(m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
Cat58 2.40 2.66 2.69 2.92 2.71 1.77
Cat30 2.18 2.52 2.58 2.81 2.57 1.76
Cat19 2.01 2.38 2.48 2.71 2.46 1.74
Cat12 1.75 2.15 2.29 2.53 2.27 1.70
Cat8 1.54 1.94 2.11 2.36 2.11 1.65
The above results indicate that with the increasing break-up of the catchment into sub­
catchments, the peak flow at the outlet of the catchment increases. This reflects what 
would be expected as the break up of a catchment into numerous sub-catchments results 
in shorter flow paths for rainfall runoff to reach the sub-catchment outlet. The smaller 
catchment sizes for the larger models such as Catch 58, are up to 13% of the size of the 
catchments in the Catch 8 model which has the least amount of sub-catchment break-up.
The above results in Table 9.3 also indicate that the peak flows for each catchment
occur for the 90 minute storm for existing conditions. The volume at the outlet of the
catchment is tabulated below.
Table 9.4 Volume at Catchment Outlet
Catchment Volume
mû
Cat58 4210
Cat30 4280
Cat19 4300
Cat12 4310
Cat8 4320
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Table 9.4 indicates that the volumes produced from each of the models are almost
identical and this assists in ensuring that the break up of the models into greater
numbers of sub-catchments has been undertaken correctly.
9.2.2 MAXIMUM DEVELOPED CONDITIONS (80% impervious)
The peak flows, at the catchment outlet, for each of the modelled storms are tabulated
below. The maximum developed conditions results are for the 100 year storm.
Table 9.5 Peak flows for Maximum Developed Conditions for lOOyr storm
Catchment 15min
(m3/s)
30min
(m3/s)
60min
(m3/s)
90min
(m3/s)
120min
(m3/s)
180min
(m3/s)
Cat58 5.02 5 5.3 5.76 5.55 3.32
Cat30 4.96 4.97 5.24 5.68 5.45 3.32
Cat19 2.96 4.93 5.18 5.61 5.35 3.32
Cat12 4.73 4.84 5.06 5.46 5.18 3.31
Cat8 4.57 4.74 4.95 5.33 5.01 3.31
These results are consistent with those for existing (10%) conditions. As the catchment
is broken up into more sub-catchments, the peak flow for the catchment increases.
The above results indicate that the critical storm is the 90 minute storm for each of the 
catchments under maximum developed conditions. The volume at the catchment outlet
is tabulated below.
Table 9.6 Volume at Catchment Outlet
Catchment Volume (m3)
Cat58 9130
Cat30 9150
Cat19 9150
Cat12 9150
Cat8 9150
Table 9.6 indicates that the volumes produced from each of the models are almost 
identical and this further assists in ensuring that the break up of the models into greater 
numbers of sub-catchments has been undertaken correctly.
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9.2.3 APPLICA TION OF ON-SITE DETENTION
For the initial estimate of required storage for OSD, equation (1) is applied, providing 
the following results for required storage for each of the sub-catchments in each model.
As the model for each catchment provides a value for each of the sub-catchments for 
flows Q and I (ie at 10% and 80%) and a volume, V, then the storage for each of the 
sub-catchments can be calculated as per equation 1. The estimated values used for 
initial storage volume for each sub-catchment for the five models are tabulated below. 
These values are a result of calculations using equation (1) presented in previous 
chapters.
Note that the detention storage is only applied to the developable blocks. The nodes 
with 100% impervious area do not have detention applied to the flows produced from 
their sub-catchments.
The aim of applying the detention storage to each sub-catchment is to reduce each of the
maximum developed peak flows, I, to the existing peak flows, Q.
Table 9.7 Estimated detention storage for Catchment 8
Catchment Area Q (n//s) I (m3/s) V (m3) S (m3)
SUBAREA1 1.3415 0.513 1.164 1990 1112.9
SUBAREA3 1.394 0.530 1.207 2070 1161.0
SUBAREA5 1.9456 0.702 1.652 2890 1661.9
SUBAREA7
TOTAL
1.212 0.471 1.057 1800 997.9
4933.7
Table 9.8 Estimated detention storage for Catchment 12
Catchment Area Q (nrr/s) I (m3/s) V (m3) S (m3)
SUBAREA1 1.3415 0.513 1.164 1990 1112.9
SUBAREA3 0.8180 0.336 0.728 1220 656.9
SUBAREA4 0.5760 0.247 0.521 860 452.3
SUBAREA6 0.2324 0.109 0.218 350 175.0
SUBAREA7 0.2408 0.113 0.225 360 179.2
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Table 9.9
Catchment Area Q (m3/s) I (m3/s) V (m3) S (m3)
SUBAREA8 1.4724 0.556 1.271 2190 1231.9
SUBAREA10 0.4184 0.186 0.384 620 319.7
SUBAREA11 0.7936 0.327 0.707 1180 634.2
TOTAL 4762.3
Estimated detention storage for Catchment 19
Catchment Area Q (m3/s) I (rrr/s) V (m3) S (m3)
SUBAREA1 0.2880 0.133 0.268 430 216.6
SUBAREA2 0.3770 0.169 0.347 560 287.3
SUBAREA3 0.2805 0.130 0.261 420 210.8
SUBAREA4 0.3960 0.177 0.364 590 303.1
SUBAREA6 0.3690 0.166 0.34 550 281.5
SUBAREA7 0.4490 0.198 0.41 670 346.4
SUBAREA8 0.2304 0.108 0.216 340 170.0
SUBAREA9 0.3456 0.157 0.319 510 259.0
SUBAREA11 0.2324 0.109 0.218 350 175.0
SUBAREA12 0.2408 0.113 0.225 360 179.2
SUBAREA13 1.4724 0.556 1.271 2190 1232.0
SUBAREA15 0.2484 0.116 0.232 370 185.0
SUBAREA16 0.1700 0.082 0.161 250 122.7
SUBAREA17 0.3751 0.168 0.345 560 287.3
SUBAREA18 0.4185 0.186 0.384 620 319.7
TOTAL 4575.5
0 Estimated detention storage for Catchment 30
Catchment Area Q (rrr/s) I (m3/s) V (m3) S(m 3)
SUBAREA1 0.1440 0.070 0.137 210 102.7
SUBAREA2 0.1440 0.070 0.137 210 102.7
SUBAREA3 0.1470 0.072 0.139 220 106.0
SUBAREA4 0.2300 0.108 0.215 340 169.2
SUBAREA5 0.1470 0.072 0.139 220 106.0
SUBAREA6 0.1335 0.066 0.127 200 96.1
SUBAREA7 0.3960 0.177 0.364 590 303.1
SUBAREA9 0.1092 0.054 0.104 160 76.9
SUBAREA10 0.2598 0.121 0.242 390 195.0
SUBAREA11 0.1610 0.078 0.152 240 116.8
SUBAREA12 0.2880 0.133 0.268 430 216.6
SUBAREA13 0.1620 0.078 0.153 240 117.6
SUBAREA14 0.2076 0.098 0.195 310 154.2
SUBAREA15 0.2064 0.098 0.194 310 153.4
SUBAREA17 0.1190 0.059 0.114 180 86.8
SUBAREA18 0.1134 0.056 0.108 170 81.9
SUBAREA19 0.1260 0.062 0.120 190 91.8
SUBAREA20 0.1148 0.057 0.110 170 81.9
SUBAREA21 1.4724 0.556 1.271 2190 1232.0
SUBAREA23 0.1288 0.063 0.123 190 92.7
SUBAREA24 0.1196 0.059 0.114 180 86.8
SUBAREA25 0.1700 0.082 0.161 250 122.7
SUBAREA26 0.1918 0.092 0.181 280 137.7
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Catchment Area Q (m3/s) I (m3/s) V (m3)
SUBAREA27 0.1833 0.088 0.173 270
SUBAREA28 0.1885 0.090 0.178 280
SUBAREA29
TOTAL
0.2300 0.108 0.215 340
Table 9.11 Estimated detention storage for Catchment 58
Catchment Area Q (m3/s) I (m3/s) V (m3)
SUBAREA1 0.0720 0.037 0.069 110
SUBAREA2 0.0720 0.037 0.069 110
SUBAREA3 0.0720 0.037 0.069 110
SUBAREA4 0.0720 0.037 0.069 110
SUBAREA5 0.0720 0.037 0.069 110
SUBAREA6 0.0750 0.038 0.072 110
SUBAREA7 0.1350 0.066 0.128 200
SUBAREA8 0.0950 0.048 0.091 140
SUBAREA9 0.0750 0.038 0.072 110
SUBAREA10 0.0720 0.037 0.069 110
SUBAREA11 0.0675 0.035 0.065 100
SUBAREA12 0.0660 0.034 0.064 100
SUBAREA13 0.0600 0.031 0.058 90
SUBAREA14 0.2244 0.106 0.210 330
SUBAREA15 0.1116 0.055 0.107 170
SUBAREA17 0.0546 0.028 0.053 80
SUBAREA18 0.0546 0.028 0.053 80
SUBAREA19 0.1326 0.065 0.126 200
SUBAREA20 0.1272 0.063 0.121 190
SUBAREA21 0.0650 0.033 0.063 100
SUBAREA22 0.0960 0.048 0.092 140
SUBAREA23 0.0960 0.048 0.092 140
SUBAREA24 0.0960 0.048 0.092 140
SUBAREA25 0.0960 0.048 0.092 140
SUBAREA26 0.1152 0.057 0.110 170
SUBAREA27 0.0468 0.024 0.045 70
SUBAREA28 0.0684 0.035 0.066 100
SUBAREA29 0.1392 0.068 0.132 210
SUBAREA30 0.0768 0.039 0.074 110
SUBAREA31 0.1296 0.064 0.123 190
SUBAREA33 0.0602 0.031 0.058 90
SUBAREA34 0.0588 0.030 0.057 90
SUBAREA35 0.0574 0.030 0.055 80
SUBAREA36 0.0560 0.029 0.054 80
SUBAREA37 0.0644 0.033 0.062 100
SUBAREA38 0.0616 0.032 0.059 90
SUBAREA39 0.0588 0.030 0.057 90
SUBAREA40 0.0560 0.029 0.054 80
SUBAREA41 1.4724 0.556 1.271 2190
SUBAREA43 0.0644 0.033 0.062 100
SUBAREA44 0.0644 0.033 0.062 100
SUBAREA45 0.0598 0.031 0.058 90
S (m3) 
132.7 
138.4 
169.2 
4471.1
S (m3)
51.0
51.0
51.0
51.0
51.0
51.9
96.9 
66.2
51.9
51.0 
46.2
46.9
41.9
163.4
82.6
37.7
37.7
96.8
91.1
47.6
67.0
67.0
67.0
67.0
81.9
32.7
47.0 
101.8
52.0
91.1
41.9
42.6
36.4
37.0
46.8
41.2
42.6
37.0
1232.0
46.8
46.8
41.9
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Catchment Area Q (m3/s) I (m3/s) V (m3) S (m3)
SUBAREA46 0.0598 0.031 0.058 90 41.9
SUBAREA47 0.0598 0.031 0.058 90 41.9
SUBAREA48 0.0598 0.031 0.058 90 41.9
SUBAREA49 0.0504 0.026 0.049 70 32.9
SUBAREA50 0.0952 0.048 0.091 140 66.2
SUBAREA51 0.0966 0.048 0.093 140 67.7
SUBAREA52 0.0910 0.046 0.087 140 66.0
SUBAREA53 0.0923 0.046 0.089 140 67.6
SUBAREA54 0.0936 0.047 0.090 140 66.9
SUBAREA55 0.0949 0.048 0.091 140 66.2
SUBAREA56 0.0828 0.042 0.080 120 57.0
SUBAREA57 0.1472 0.072 0.140 220 106.9
TOTAL 4355.3
9.2.3.1 Reduction of 100yr to 5yr flows: Normal Discharge Control
The values for detention storage calculated in tables 9.7 to 9.11 were found to result in 
the target peak flow from each of the sub-catchments not being achieved. In most 
cases, the peak flow from the sub-catchments was not reduced to the target flow, Q, 
although in some cases this reduction was below Q. The time to peak flow, for the 90 
minute storm, for both existing and developed conditions for each of the sub-catchments 
is 30 minutes (these results are provided in Section 9.3). The effect of OSD on time for 
peak flow is illustrated in the following results for each of the catchment models.
For each of the five catchment models a trial and error process to determine the final 
storage requirement, S, was undertaken to ensure that the target flow, Q, for each sub­
catchment was achieved. These results are presented in the following tables.
Catchment 8
The final height to storage (H-S) relationship and resulting peak flows, height of water 
in each basin and time for peak flow are illustrated in Table 9.12. These results show a 
change in time for peak flow of six to seven minutes for these sub-catchments.
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Table 9.12 Results for OSD -  normal discharge control, Catchment 8
H-S Relationship
0.2 0.4 0.6 0.8 1.0 Q det 
(m3/s)
H max 
(m)
T
(min)
SUBAREA1 0.1388 0.2776 0.4164 0.5552 0.694 0.513 0.946 36
SUBAREA3 0.138 0.276 0.414 0.552 0.69 0.530 0.993 36
SUBAREA5 0.209 0.418 0.627 0.836 1.045 0.703 0.95 37
SUBAREA7 0.122 0.244 0.366 0.488 0.61 0.471 0.96 36
3 3Using the above, the outflow is 2.29m /s which is less than the target of 2.36m /s. 
Catchment 12
The final H-S relationship and resulting peak flows, height of water in each basin and
time for peak flow are illustrated in Table 9.13. These results show a change in time for
peak flow of three to six minutes for these sub-catchments.
Table 9.13 Results for OSD -  normal discharge control, Catchment 12
H-S Relationship
0.2 0.4 0.6 0.8 1.0 Q det 
(m3/s)
H max 
(m)
T
(min)
SUBAREA1 0.1388 0.2776 0.4164 0.5552 0.694 0.513 0.946 36
SUBAREA3 0.0766 0.1532 0.2298 0.3064 0.383 0.336 0.989 35
SUBAREA4 0.067 0.134 0.201 0.268 0.335 0.247 0.777 34
SUBAREA6 0.031 0.062 0.093 0.124 0.155 0.109 0.638 33
SUBAREA7 0.03 0.06 0.09 0.12 0.15 0.113 0.677 33
SUBAREA8 0.1556 0.3112 0.4668 0.6224 0.778 0.556 0.935 36
SUBAREA10 0.039 0.078 0.117 0.156 0.195 0.186 0.938 33
SUBAREA11 0.0774 0.1548 0.2322 0.3096 0.387 0.328 0.948 35
Using the above, the outflow is 2.47m /s which is less than the target of 2.53m /s. 
Catchment 19
The final H-S relationship and resulting peak flows, height of water in each basin and 
time for peak flow are illustrated in Table 9.14. These results show a change in time for 
peak flow of two to six minutes for these sub-catchments.
Table 9.14 Results for OSD -  normal discharge control, Catchment 19
H-S Relationship
0.2 0.4 0.6 0.8 1.0 Q det 
(m3/s)
H max 
(m)
T
(min)
SUBAREA1 0.0280 0.0560 0.0840 0.1120 0.1400 0.133 0.872 33
SUBAREA2 0.0406 0.0812 0.1218 0.1624 0.2030 0.169 0.809 33
SUBAREA3 0.0280 0.0560 0.0840 0.1120 0.1400 0.13 0.844 33
SUBAREA4 0.0394 0.0788 0.1182 0.1576 0.1970 0.177 0.873 33
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H-S Relationship
0.2 0.4 0.6 0.8 1.0 Q det 
(m3/s)
H max 
(m)
T
(min)
SUBAREA6 0.0408 0.0816 0.1224 0.1632 0.2040 0.166 0.787 33
SUBAREA7 0.0546 0.1092 0.1638 0.2184 0.2730 0.198 0.729 33
SUBAREA8 0.0310 0.0620 0.0930 0.1240 0.1550 0.108 0.632 33
SUBAREA9 0.0414 0.0828 0.1242 0.1656 0.2070 0.157 0.722 33
SUBAREA11 0.0310 0.0620 0.0930 0.1240 0.1550 0.109 0.638 33
SUBAREA12 0.0300 0.0600 0.0900 0.1200 0.1500 0.113 0.677 33
SUBAREA13 0.1556 0.3112 0.4668 0.6224 0.7780 0.556 0.935 36
SUBAREA15 0.0300 0.0600 0.0900 0.1200 0.1500 0.116 0.703 33
SUBAREA16 0.0180 0.0360 0.0540 0.0720 0.0900 0.082 0.773 32
SUBAREA17 0.0410 0.0820 0.1230 0.1640 0.2050 0.168 0.8 33
SUBAREA18 0.0390 0.0780 0.1170 0.1560 0.1950 0.186 0.938 33
3 3Using the above, the outflow is 2.67m /s which is less than the target of 2.71m /s.
Catchment 30
The final H-S relationship and resulting peak flows, height of water in each basin and
time for peak flow are illustrated in Table 9.15. These results show a change in time for
peak flow of one to six minutes for these sub-catchments.
Table 9.15 Results for OSD -  normal discharge control, Catchment 30
H-S Relationship
0.2 0.4 0.6 0.8 1.0 Q det 
(m3/s)
H max 
(m)
T
(min)
SUBAREA1 0.0205 0.0411 0.0616 0.0822 0.1027 0.070 0.593 32
SUBAREA2 0.0205 0.0411 0.0616 0.0822 0.1027 0.070 0.593 32
SUBAREA3 0.0190 0.0380 0.0570 0.0760 0.0950 0.072 0.632 32
SUBAREA4 0.0310 0.0620 0.0930 0.1240 0.1550 0.108 0.630 35
SUBAREA5 0.0190 0.0380 0.0570 0.0760 0.0950 0.072 0.632 32
SUBAREA6 0.0200 0.0400 0.0600 0.0800 0.1000 0.066 0.551 32
SUBAREA7 0.0396 0.0792 0.1188 0.1584 0.1980 0.177 0.870 34
SUBAREA9 0.0240 0.0480 0.0720 0.0960 0.1200 0.054 0.401 32
SUBAREA10 0.0290 0.0580 0.0870 0.1160 0.1450 0.121 0.755 34
SUBAREA11 0.0186 0.0372 0.0558 0.0744 0.0930 0.078 0.712 32
SUBAREA12 0.0280 0.0560 0.0840 0.1120 0.1400 0.133 0.872 33
SUBAREA13 0.0190 0.0380 0.0570 0.0760 0.0950 0.078 0.709 32
SUBAREA14 0.0170 0.0340 0.0510 0.0680 0.0850 0.098 1.000 33
SUBAREA15 0.0166 0.0332 0.0498 0.0664 0.0830 0.098 1.000 33
SUBAREA17 0.0220 0.0440 0.0660 0.0880 0.1100 0.059 0.461 32
SUBAREA18 0.0230 0.0460 0.0690 0.0920 0.1150 0.056 0.427 32
SUBAREA19 0.0210 0.0420 0.0630 0.0840 0.1050 0.062 0.503 32
SUBAREA20 0.0230 0.0460 0.0690 0.0920 0.1150 0.057 0.433 32
SUBAREA21 0.1556 0.3112 0.4668 0.6224 0.7780 0.556 0.935 36
SUBAREA23 0.0210 0.0420 0.0630 0.0840 0.1050 0.063 0.516 32
SUBAREA24 0.0220 0.0440 0.0660 0.0880 0.1100 0.059 0.463 32
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H-S Relationship
0.2 0.4 0.6 0.8 1.0 Q det 
(m3/s)
H max 
(m)
T
(min)
SUBAREA25 0.0180 0.0360 0.0540 0.0720 0.0900 0.082 0.773 31
SUBAREA26 0.0170 0.0340 0.0510 0.0680 0.0850 0.092 0.923 33
SUBAREA27 0.0176 0.0352 0.0528 0.0704 0.0880 0.088 0.858 33
SUBAREA28 0.0176 0.0352 0.0528 0.0704 0.0880 0.090 0.887 33
SUBAREA29 0.0310 0.0620 0.0930
o
0.1240 0.1550 0.108 0.630 34
Using the above, the outflow is 2.78m /s which is less than the target of 2.81m /s.
Catchment 58
The final H-S relationship and resulting peak flows, height of water in each basin and 
time for peak flow are illustrated in Table 9.16. These results show a change in time for 
peak flow of two to six minutes for these sub-catchments.
Table 9.16 Results for OSD -  normal discharge control, Catchment 58
H-S Relationship
0.2 0.4 0.6 0.8 1.0 Q det 
(m3/s)
H max 
(m)
T
(min)
SUBAREA1 0.0090 0.0180 0.0270 0.0360 0.0450 0.037 0.641 32
SUBAREA2 0.0090 0.0180 0.0270 0.0360 0.0450 0.037 0.641 32
SUBAREA3 0.0090 0.0180 0.0270 0.0360 0.0450 0.037 0.641 32
SUBAREA4 0.0090 0.0180 0.0270 0.0360 0.0450 0.037 0.641 32
SUBAREA5 0.0090 0.0180 0.0270 0.0360 0.0450 0.037 0.641 32
SUBAREA6 0.0090 0.0180 0.0270 0.0360 0.0450 0.038 0.674 32
SUBAREA7 0.0210 0.0420 0.0630 0.0840 0.1050 0.066 0.545 33
SUBAREA8 0.0076 0.0152 0.0228 0.0304 0.0380 0.048 0.982 32
SUBAREA9 0.0090 0.0180 0.0270 0.0360 0.0450 0.038 0.674 32
SUBAREA10 0.0090 0.0180 0.0270 0.0360 0.0450 0.037 0.641 32
SUBAREA11 0.0092 0.0185 0.0277 0.0369 0.0462 0.035 0.587 32
SUBAREA12 0.0094 0.0188 0.0281 0.0375 0.0469 0.034 0.569 32
SUBAREA13 0.0094 0.0188 0.0282 0.0376 0.0470 0.031 0.508 32
SUBAREA14 0.0310 0.0620 0.0930 0.1240 0.1550 0.106 0.612 32
SUBAREA15 0.0236 0.0472 0.0708 0.0944 0.1180 0.055 0.414 32
SUBAREA17 0.0108 0.0216 0.0324 0.0432 0.0540 0.028 0.426 32
SUBAREA18 0.0108 0.0216 0.0324 0.0432 0.0540 0.028 0.426 32
SUBAREA19 0.0210 0.0420 0.0630 0.0840 0.1050 0.065 0.534 32
SUBAREA20 0.0210 0.0420 0.0630 0.0840 0.1050 0.063 0.509 32
SUBAREA21 0.0095 0.0190 0.0286 0.0381 0.0476 0.033 0.553 32
SUBAREA22 0.0076 0.0152 0.0228 0.0304 0.0380 0.048 0.995 32
SUBAREA23 0.0076 0.0152 0.0228 0.0304 0.0380 0.048 0.995 32
SUBAREA24 0.0076 0.0152 0.0228 0.0304 0.0380 0.048 0.995 32
SUBAREA25 0.0076 0.0152 0.0228 0.0304 0.0380 0.048 0.995 32
SUBAREA26 0.0230 0.0460 0.0690 0.0920 0.1150 0.057 0.434 32
SUBAREA27 0.0112 0.0224 0.0336 0.0448 0.0560 0.024 0.354 32
SUBAREA28 0.0094 0.0188 0.0282 0.0376 0.0470 0.035 0.591 32
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H-S Relationship
SUBAREA29
SUBAREA30
SUBAREA31
SUBAREA33
SUBAREA34
SUBAREA35
SUBAREA36
SUBAREA37
SUBAREA38
SUBAREA39
SUBAREA40
SUBAREA41
SUBAREA43
SUBAREA44
SUBAREA45
SUBAREA46
SUBAREA47
SUBAREA48
SUBAREA49
SUBAREA50
SUBAREA51
SUBAREA52
SUBAREA53
SUBAREA54
SUBAREA55
SUBAREA56
SUBAREA57
0.2 0.4
0.0206 0.0412 
0.0088 0.0176 
0.0210 0.0420 
0.0094 0.0188 
0.0100 0.0200 
0.0094 0.0188 
0.0100 0.0200 
0.0094 0.0187 
0.0090 0.0180 
0.0100 0.0200 
0.0100 0.0200 
0.1556 0.3112 
0.0094 0.0187 
0.0094 0.0187 
0.0094 0.0188 
0.0094 0.0188 
0.0094 0.0188 
0.0094 0.0188 
0.0110 0.0220 
0.0076 0.0152 
0.0078 0.0156 
0.0078 0.0156 
0.0078 0.0156 
0.0078 0.0156 
0.0076 0.0152 
0.0080 0.0160 
0.0190 0.0380
0.6 0.8
0.0618 0.0824
0.0264 0.0352
0.0630 0.0840
0.0282 0.0376
0.0300 0.0400
0.0282 0.0376
0.0300 0.0400
0.0281 0.0374
0.0270 0.0360
0.0300 0.0400
0.0300 0.0400
0.4668 0.6224
0.0281 0.0374
0.0281 0.0374
0.0282 0.0376
0.0282 0.0376
0.0282 0.0376
0.0282 0.0376
0.0330 0.0440
0.0228 0.0304
0.0234 0.0312
0.0234 0.0312
0.0234 0.0312
0.0234 0.0312
0.0228 0.0304
0.0240 0.0320
0.0570 0.0760
1.0 Q det 
(m3/s)
0.1030 0.068
0.0440 0.039
0.1050 0.064
0.0470 0.031
0.0500 0.030
0.0470 0.030
0.0500 0.029
0.0468 0.033
0.0450 0.032
0.0500 0.030
0.0500 0.029
0.7780 0.556
0.0468 0.033
0.0468 0.033
0.0470 0.031
0.0470 0.031
0.0470 0.031
0.0470 0.031
0.0550 0.026
0.0380 0.048
0.0390 0.048
0.0390 0.046
0.0390 0.046
0.0390 0.047
0.0380 0.048
0.0400 0.042
0.0950 0.072
H max T 
(m) (min)
0.570 32
0.701 32
0.520 32
0.509 32
0.481 32
0.482 32
0.455 32
0.552 32
0.534 32
0.481 32
0.455 32
0.935 36
0.552 32
0.552 32
0.505 32
0.505 32
0.505 32
0.505 32
0.387 32
0.985 32
0.988 32
0.918 32
0.934 32
0.950 32
0.981 32
0.807 32
0.633 32
Using the above, the outflow is 2.91m /s which is less than the target of 2.92m /s.
9.2.3.2 Summary of Results: 100 yr flows by normal discharge
control
Table 9.17 summarises the peak discharges resulting from the application of OSD with
normal discharge control.
Table 9.17 Peak Discharges
Catchment 90min
(m3/s)
Target
(m3/s)
Cat58 2.91 2.92
Cat30 2.77 2.81
Cat19 2.66 2.71
Cat12 2.46 2.53
Cat08 2.29 2.36
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As stated in Section 9.2, the PSD for each sub-catchment was maintained at the 
allowable limit in order to achieve the above peak discharges from the catchment.
These results for peak flow are less than the target flows. This is due to the change in 
time for the peak flow from each of the sub-catchments. This is further discussed in 
Section 9.3.
The final required total storage volume and the storage initially calculated (using
equation 1) for each catchment to reduce the 80% maximum developed catchment back
to the peak flow at the catchment outlet for 10% conditions are indicated in Table 9.18.
Table 9.18 Initial and final storage volumes 
Catchment Equation 1 Estimated Final Storage used 
_______________ Storage (m3)________ in model (m3)
Cat58 4355.3 3770.9
Cat30 4471.1 3553.4
Cat19 4575.5 3242.0
Cat 12 4762.3 3077.0
Cat8 4933.9 3039.0
These results for S indicate that the storage calculated using equation (1) provides a 
volume for detention storage which is a conservative value -  the application of this 
storage volume will ensure a greater than required reduction in peak flows at each node 
when compared to maximum developed peak flow. This is as found in the previous 
chapters.
A comparison of time for peak flows to reach the outlet and also downstream nodes is 
an important consideration in determining if OSD has any detrimental effects on a 
catchment. This is discussed in section 9.3 of this chapter.
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9.2.3.3 Reduction of 100 year to 5 year flows: High Early Discharge 
Control
The catchment models have high early discharge (HED) control applied to the on-site 
detention basins. As stated in Chapter 8, HED is a method that increases the rate of 
discharge from a detention basin such that the PSD is reached early in the storm and this 
rate of discharge is maintained for as long as is possible.
In order to undertake the modelling for HED, the storage volume at the 0.8m level was 
set at 90% of the basin volume. A volume was then applied for the basin and through 
trial and error, a suitable storage volume that supplied both the discharge required and 
that prevented the height of the basin from being exceeded was determined.
The final HED volumes and resulting peak flows, height of water in basins and time for 
peak flow are presented in the following tables for each of the catchment models.
Catchment 8
The final H-S relationship and resulting peak flows, height of water in each basin and 
time for peak flow are illustrated in Table 9.19. These results show a change in time for 
peak flow of six to seven minutes for these sub-catchments.
Table 9.19 Results for OSD -  HED discharge control, Catchment 8
Catchment 0.8 1.0 Outlets Q out 
(m3/s)
H max 
(m)
% of 
normal S
T
(min)
SUBAREA1 0.424 0.471 11 0.513 0.946 68% 36
SUBAREA3 0.447 0.497 11 0.53 0.993 72% 36
SUBAREA5 0.654 0.727 15 0.702 0.951 70% 37
SUBAREA7 0.377 0.419 10 0.471 0.96 69% 36
The outflow at the catchment outlet is 2.29m3/s, which is less than the target of 
2.36m3/s.
Page 9.19
Chapter 9 -  Branched Network Results
Catchment 12
The final H-S relationship and resulting peak flows, height of water in each basin and 
time for peak flow are illustrated in Table 9.20. These results show a change in time for 
peak flow of three to six minutes for these sub-catchments.
Table 9.20 
Catchment
Results for OSD -  
0.8 1.0
HED discharge control, Catchment 12 
Outlets Q out H max % of 
(m3/s) (m) normal S
T
(min)
SUBAREA1 0.423 0.471 11 0.513 0.946 68% 36
SUBAREA3 0.241 0.268 7 0.336 0.987 70% 35
SUBAREA4 0.167 0.185 6 0.247 0.773 55% 34
SUBAREA6 0.063 0.066 3 0.109 0.637 43% 33
SUBAREA7 0.068 0.072 3 0.113 0.676 48% 33
SUBAREA8 0.471 0.523 12 0.556 0.936 67% 36
SUBAREA10 0.111 0.123 4 0.186 0.942 63% 33
SUBAREA11 0.230 0.256 7 0.327 0.949 66% 34
The outflow at the catchment outlet is 2.45 m3/s, which is less than the target of 
2.53m3/s.
Catchment 19
The final H-S relationship and resulting peak flows, height of water in each basin and 
time for peak flow are illustrated in Table 9.21. These results show a change in time for 
peak flow of two to six minutes for these sub-catchments.
Table 9.21 
Catchment
Results for OSD -  HED discharge control, Catchment 19 
0.8 1.0 Outlets Q out H max % of
(m3/s) (m) normal S
T
(min)
SUBAREA1 0.070 0.078 3 0.133 0.870 56% 33
SUBAREA2 0.091 0.101 4 0.169 0.804 50% 33
SUBAREA3 0.066 0.073 3 0.130 0.845 52% 33
SUBAREA4 0.100 0.112 4 0.177 0.869 57% 33
SUBAREA6 0.095 0.105 4 0.166 0.783 51% 33
SUBAREA7 0.158 0.175 5 0.198 0.730 64% 33
SUBAREA8 0.061 0.065 3 0.108 0.631 42% 33
SUBAREA9 0.126 0.140 4 0.157 0.717 68% 33
SUBAREA11 0.063 0.066 3 0.109 0.637 43% 33
SUBAREA12 0.068 0.072 3 0.113 0.676 48% 33
SUBAREA13 0.471 0.523 12 0.556 0.936 67% 36
SUBAREA15 0.095 0.105 3 0.116 0.704 70% 33
SUBAREA16 0.041 0.045 2 0.082 0.771 50% 32
SUBAREA17 0.092 0.102 4 0.168 0.796 50% 33
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Catchment 0.8 1.0 Outlets Q out H max % of T
_____________________________________ (m3/s) (m) normal S (min)
SUBAREA18 0.111 0.123 4 0.186 0.942 63% 33
The outflow at the catchment outlet is 2.68 m /s, which is less than the target of
2.71m3/s.
Catchment 30
The final H-S relationship and resulting peak flows, height of water in each basin and 
time for peak flow are illustrated in Table 9.22. These results show a change in time for 
peak flow of two to six minutes for these sub-catchments.
Table 9.22 
Catchment
Results for OSD -  HED discharge control, Catchment 30 
0.8 1.0 Outlets Q out H max % of
(m3/s) (m) normal S
T
(min)
SUBAREA1 0.036 0.038 2 0.070 0.594 37% 32
SUBAREA2 0.036 0.038 2 0.070 0.594 37% 32
SUBAREA3 0.037 0.039 2 0.072 0.632 41% 32
SUBAREA4 0.061 0.064 3 0.108 0.630 41% 33
SUBAREA5 0.037 0.039 2 0.072 0.632 41% 32
SUBAREA6 0.040 0.042 2 0.066 0.546 42% 32
SUBAREA7 0.100 0.112 4 0.177 0.869 56% 33
SUBAREA9 0.034 0.036 2 0.054 0.394 30% 32
SUBAREA10 0.076 0.084 3 0.121 0.747 58% 33
SUBAREA11 0.056 0.062 2 0.078 0.708 67% 32
SUBAREA12 0.070 0.078 3 0.133 0.873 55% 33
SUBAREA13 0.059 0.065 2 0.078 0.706 68% 32
SUBAREA14 0.053 0.059 2 0.098 1.000 69% 33
SUBAREA15 0.052 0.058 2 0.098 1.000 70% 33
SUBAREA17 0.067 0.070 2 0.059 0.464 64% 32
SUBAREA18 0.036 0.038 2 0.056 0.427 33% 32
SUBAREA19 0.055 0.058 2 0.062 0.492 55% 32
SUBAREA20 0.037 0.039 2 0.057 0.435 34% 32
SUBAREA21 0.471 0.523 12 0.556 0.936 67% 36
SUBAREA23 0.052 0.055 2 0.063 0.504 52% 32
SUBAREA24 0.067 0.070 2 0.059 0.465 64% 32
SUBAREA25 0.042 0.047 2 0.082 0.765 52% 32
SUBAREA26 0.045 0.051 2 0.092 0.924 59% 32
SUBAREA27 0.041 0.046 2 0.088 0.866 52% 32
SUBAREA28 0.044 0.049 2 0.090 0.895 56% 32
SUBAREA29 0.061 0.064 3 0.108 0.627 41% 33
The outflow at the catchment outlet is 2.73 m3/s, which is less than the target of
2.81m3/s.
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Catchment 58
The final H-S relationship and resulting peak flows, height of water in each basin and
time for peak flow are illustrated in Table 9.23. These results show a change in time for 
peak flow of two to six minutes for these sub-catchments.
Table 9.23 
Catchment
Results for OSD -  HED discharge control, Catchment 58 
0.8 1 Outlets Q out H max % of
(m3/s) (m) normal S
T
(min)
SUBAREA1 0.018 0.019 1 0.037 0.650 41% 32
SUBAREA2 0.018 0.019 1 0.037 0.650 41% 32
SUBAREA3 0.018 0.019 1 0.037 0.650 41% 32
SUBAREA4 0.018 0.019 1 0.037 0.650 41% 32
SUBAREA5 0.018 0.019 1 0.037 0.650 41% 32
SUBAREA6 0.028 0.032 1 0.038 0.685 70% 32
SUBAREA7 0.043 0.045 2 0.066 0.542 43% 32
SUBAREA8 0.022 0.024 1 0.048 1.000 63% 32
SUBAREA9 0.028 0.032 1 0.038 0.685 70% 32
SUBAREA10 0.018 0.019 1 0.037 0.650 41% 32
SUBAREA11 0.015 0.016 1 0.035 0.592 35% 32
SUBAREA12 0.017 0.018 1 0.034 0.564 38% 32
SUBAREA13 0.024 0.025 1 0.031 0.492 53% 32
SUBAREA14 0.057 0.060 3 0.106 0.612 39% 33
SUBAREA15 0.035 0.036 2 0.055 0.406 31% 32
SUBAREA17 0.017 0.018 1 0.028 0.420 32% 32
SUBAREA18 0.017 0.018 1 0.028 0.420 32% 32
SUBAREA19 0.045 0.047 2 0.065 0.530 45% 32
SUBAREA20 0.048 0.050 2 0.063 0.508 48% 32
SUBAREA21 0.019 0.020 1 0.033 0.544 42% 32
SUBAREA22 0.023 0.025 1 0.048 0.991 66% 32
SUBAREA23 0.023 0.025 1 0.048 0.991 66% 32
SUBAREA24 0.023 0.025 1 0.048 0.991 66% 32
SUBAREA25 0.023 0.025 1 0.048 0.991 66% 32
SUBAREA26 0.037 0.039 2 0.057 0.430 34% 32
SUBAREA27 0.017 0.018 1 0.024 0.346 32% 32
SUBAREA28 0.016 0.017 1 0.035 0.590 36% 32
SUBAREA29 0.038 0.040 2 0.068 0.570 39% 32
SUBAREA30 0.025 0.028 1 0.039 0.704 64% 32
SUBAREA31 0.046 0.048 2 0.064 0.519 46% 32
SUBAREA33 0.024 0.025 1 0.031 0.493 53% 32
SUBAREA34 0.033 0.035 1 0.03 0.463 70% 32
SUBAREA35 0.031 0.033 1 0.03 0.461 70% 32
SUBAREA36 0.033 0.035 1 0.029 0.451 70% 32
SUBAREA37 0.019 0.020 1 0.033 0.540 43% 32
SUBAREA38 0.021 0.022 1 0.032 0.512 49% 32
SUBAREA39 0.033 0.035 1 0.03 0.463 70% 32
SUBAREA40 0.033 0.035 1 0.029 0.451 70% 32
SUBAREA41 0.471 0.523 12 0.556 0.936 67% 36
Page 9.22
Chapter 9 -  Branched Network Results
Catchment 0.8 1 Outlets Q out 
(m3/s)
H max 
(m)
% of 
normal S
T
(min)
SUBAREA43 0.019 0.020 1 0.033 0.540 43% 32
SUBAREA44 0.019 0.020 1 0.033 0.540 43% 32
SUBAREA45 0.024 0.025 1 0.031 0.491 53% 32
SUBAREA46 0.024 0.025 1 0.031 0.491 53% 32
SUBAREA47 0.024 0.025 1 0.031 0.491 53% 32
SUBAREA48 0.024 0.025 1 0.031 0.491 53% 32
SUBAREA49 0.017 0.018 1 0.026 0.373 32% 32
SUBAREA50 0.022 0.025 1 0.048 0.986 64% 32
SUBAREA51 0.023 0.026 1 0.048 0.989 65% 32
SUBAREA52 0.020 0.023 1 0.046 0.914 58% 32
SUBAREA53 0.021 0.024 1 0.046 0.916 60% 32
SUBAREA54 0.022 0.024 1 0.047 0.945 62% 32
SUBAREA55 0.022 0.024 1 0.048 0.999 63% 32
SUBAREA56 0.016 0.018 1 0.042 0.798 45% 32
SUBAREA57 0.037 0.039 2 0.072 0.629 41% 32
The outflow at the catchment outlet is 2.85 nT/s, which is less than the target of
2.92m3/s.
9.2.3.4 Summary of Results: 100 yr flows for HED
Table 9.24 summarises the peak discharges resulting from the application of OSD with
HED discharge control.
Table 9.24 Peak discharges 
Catchment 90min Target 
___________(m3/s) (m3/s)
Cat58 2.85 2.92
Cat30 2.73 2.81
Cat19 2.68 2.71
Cat12 2.45 2.53
Cat08 2.29 2.36
As stated in Section 9.2. the PSD for each sub-catchment was maintained at the
allowable limit (the target flow — derived from the flow for existing conditions) in order
to achieve the above peak discharges from the catchment.
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These results for peak flow are less than the target flows. This is due to the change in 
time for the peak flow from each of the sub-catchments. This is further discussed in 
Section 9.3.
The required total storage for each catchment and that initially calculated (using 
equation 1) to reduce the 80% maximum developed catchment back to the peak flow at
the catchment outlet for 10% conditions are presented in Table 9.25.
Table 9.25 Initial and final storage volumes
Catchment Storage used for Storage used HED storage volume as
normal discharge for HED percentage of normal
control (m3) control (m3) discharge control volume
Cat58 3770.9 1961.7 52
Cat30 3553.4 1921.6 54
Cat19 3242.0 1883.4 58
Cat12 3077.0 1963.8 64
Cat8 3039.0 2114.0 70
These results for S indicate that the storage required for HED discharge control is 
significantly less than that required for normal discharge control. This finding agrees 
with the findings in chapters 7 and 8.
A comparison of time for peak flows to reach the outlet and also downstream nodes is 
an important consideration in determining if OSD has any detrimental effects on a 
catchment. This is discussed in section 9.3 of this chapter.
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9.3 DISCUSSION
The original flows from each node for existing and developed conditions is compared
with the flows due to OSD in the following tables. The time for peak discharge at each 
of the nodes is also presented and compared.
Catchment 8
Table 9.2<5 Time for Peak discharge, Catchment 8
Existing Developed Normal Detention HED Detention
Node Peak Time Peak Time Peak Time Peak Time
Flow Flow Flow Flow
(m3/s) (min) (m3/s) (min) (m3/s) (min) (m3/s) (min)
1 0.51 30 1.16 30 0.51 36 0.51 36
2 0.54 30 1.21 30 0.53 35 0.53 36
3 0.53 30 1.21 30 0.53 36 0.53 36
4 0.58 30 1.30 30 0.58 30 0.56 36
5 0.70 30 1.65 30 0.70 37 0.70 37
6 1.27 30 2.92 30 1.25 36 1.24 36
7 0.47 30 1.06 30 0.47 36 0.47 36
8 2.36 30 5.33 30 2.29 35 2.29 36
Figure 9.5 -  Catchment 8 Peak Flow Times
Peak Flow Times
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Table 9.26 and Figure 9.5 clearly indicate that the application of OSD. through both
normal and HED discharge control, changes the timing for peak flow from each of the
sub-catchments. Comparing the results in Table 9.7 (for Q) with Table 9.12 (for Qdet) 
indicates that the target peak flow from each of the sub-catchments is achieved. The
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timing of these peak flows, however, results in occasional changes to the size of the 
peak flow at each of the nodes within the catchment. This is further illustrated in the 
diagram for Catch8, located within the Sub-catchment Flows subsection of this chapter. 
This diagram indicates the peak flows at critical sections of the catchment. The 
application of HED results in the time for peak flow being greater at nodes 2 and 4 (as 
well as the outlet) when compared to the normal OSD results.
With the application of OSD, there is an increase in the time for the peak flow to occur 
at each of the sub-catchment outlets. This is as expected as the OSD basins are delaying 
flow. The application of OSD has not resulted in any increase to peak flows in the 
catchment.
The time to peak flow at the catchment outlet has been increased by five minutes and 
six minutes through the application of normal and HED discharge control to the sub­
catchments of this model.
Catchment 12
Table 9.27 Time for Peak discharge, Catchment 12
Node
Existing 
Peak Time 
Flow
(m3/s) (min)
Developed 
Peak Time 
Flow
(m3/s) (min)
Normal Detention 
Peak Time 
Flow
(m3/s) (min)
HED Detention 
Peak Time 
Flow
(m3/s) (min)
1 0.51 30 1.16 30 0.51 36 0.51 36
2 0.54 30 1.21 30 0.53 35 0.53 36
3 0.34 30 0.73 30 0.34 35 0.34 35
4 0.25 30 0.52 30 0.25 34 0.25 34
5 0.64 30 1.34 30 0.64 30 0.62 30
6 0.11 30 0.22 30 0.11 33 0.11 33
7 0.11 30 0.23 30 0.11 33 0.11 33
8 0.56 30 1.27 30 0.56 36 0.56 36
9 1.35 30 2.98 30 1.32 35 1.31 36
10 0.19 30 0.38 30 0.19 33 0.19 33
11 0.33 30 0.71 30 0.33 34 0.33 34
12 2.53 30 5.46 30 2.47 33 2.45 35
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Figure 9.6 -  Catchment 12 Peak Flow Times
Table 9.27 and Figure 9.6 clearly indicate that the application of OSD, through both 
normal and HED discharge control, changes the timing for peak flow from each of the 
sub-catchments. Comparing the results in Table 9.8 (for Q) with Table 9.13 (for Qdet) 
indicates that the target peak flow from each of the sub-catchments is achieved. The 
timing of these peak flows, however, results in occasional changes to the size of the 
peak flow at each of the nodes within the catchment. This is further illustrated in the 
diagram for Catch 12 located within the Sub-catchment Flows subsection of this 
chapter. This diagram indicates the peak flows at critical sections of the catchment. The 
application of HED results in the time for peak flow being greater at nodes 2 and 9 (as 
well as the outlet) when compared to the normal OSD results.
With the application of OSD, there is an increase in the time for the peak flow to occur 
at each of the sub-catchment outlets. This is as expected as the OSD basins are delaying 
flow. The application of OSD has not resulted in any increase to peak flows in the 
catchment.
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The time to peak flow at the catchment outlet has been increased by three minutes and 
five minutes through the application of normal and HED discharge control to the sub­
catchments of this model.
Catchment 19
Table 9.28 Time for Peak discharge, Catchment 19
Existing Developed Normal Detention HED Detention
Node Peak Time Peak Time Peak Time Peak Time
Flow Flow Flow Flow
(m3/s) (min) (m3/s) (min) (m3/s) (min) (m3/s) (min)
1 0.13 30 0.27 30 0.13 33 0.13 33
2 0.30 30 0.61 30 0.30 33 0.30 33
3 0.43 30 0.88 30 0.43 33 0.43 33
4 0.61 30 1.24 30 0.61 33 0.61 33
5 0.64 30 1.29 30 0.63 32 0.63 33
6 0.17 30 0.34 30 0.17 33 0.17 33
7 0.36 30 0.75 30 0.36 33 0.36 33
8 0.47 30 0.97 30 0.47 33 0.47 33
9 0.63 30 1.29 30 0.63 33 0.63 33
10 0.68 30 1.38 30 0.69 30 0.71 30
11 0.11 30 0.22 30 0.11 33 0.11 33
12 0.22 30 0.44 30 0.22 33 0.22 33
13 0.78 30 1.71 30 0.77 35 0.76 36
14 1.45 30 3.06 30 1.42 33 1.40 33
15 0.12 30 0.23 30 0.12 33 0.12 33
16 0.20 30 0.39 30 0.20 33 0.20 32
17 0.37 30 0.74 30 0.37 33 0.37 33
18 0.55 30 1.12 30 0.55 33 0.55 33
19 2.71 30 5.61 30 2.67 31 2.66 30
Figure 9.7 -  Catchment 19 Peak Flow Times
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Table 9.28 and Figure 9.7 clearly indicate that the application of OSD. through both 
normal and HED discharge control, changes the timing for peak flow from each of the 
sub-catchments. Comparing the results in Table 9.9 (for Q) with Table 9.14 (for Qdet) 
indicates that the target peak flow from each of the sub-catchments is achieved. The 
timing of these peak flows, however, results in occasional changes to the size of the 
peak flow7 at each of the nodes within the catchment. This is further illustrated in the 
diagram for Catch 19 located within the Sub-catchment Flows subsection of this 
chapter. This diagram indicates the peak flows at critical sections of the catchment. The 
application of HED results in the time for peak flow being greater at nodes 5 and 13, 
and less for node 16 and the outlet when compared to the normal OSD results.
With the application of OSD, there is an increase in the time for the peak flow to occur 
at each of the sub-catchment outlets. This is as expected as the OSD basins are delaying 
flow. The application of OSD has not resulted in any increase to peak flows in the 
catchment except for immediately downstream of node 10, where there is a minor 
increase in peak flow for both normal and HED discharge control. This is due to un­
detained flows from sub-catchment 10 (which is 100% impervious) coinciding with the 
change in peak flows from sub-catchments feeding node 10.
The time to peak flow at the catchment outlet has been increased by one minute through 
the application of normal discharge control and remains unchanged through the 
application of HED discharge control to the sub-catchments of this model.
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Catchment 30
Table 9.29 Time for Peak discharge, Catchment 30
Node
Existing 
Peak Time 
Flow
(m3/s) (min)
Developed 
Peak Time 
Flow
(m3/s) (min)
Normal
Peak
Flow
(m3/s)
Detention
Time
(min)
HED Detention 
Peak Time 
Flow
(m3/s) (min)
1 0.07 30 0.14 30 0.07 32 0.07 32
2 0.14 30 0.27 30 0.14 32 0.14 32
3 0.21 30 0.41 30 0.21 32 0.21 32
4 0.32 30 0.63 30 0.32 32 0.32 32
5 0.39 30 0.77 30 0.39 32 0.39 32
6 0.46 30 0.89 30 0.46 32 0.46 32
7 0.63 30 1.26 30 0.63 32 0.63 33
8 0.66 30 1.31 30 0.66 31 0.65 30
9 0.05 30 0.10 30 0.05 32 0.05 32
10 0.18 30 0.35 30 0.18 32 0.17 32
11 0.25 30 0.50 30 0.25 32 0.25 32
12 0.39 30 0.77 30 0.39 33 0.38 33
13 0.46 30 0.92 30 0.46 32 0.46 33
14 0.56 30 1.12 30 0.56 33 0.56 33
15 0.66 30 1.31 30 0.66 33 0.66 33
16 0.71 30 1.40 30 0.72 30 0.71 30
17 0.06 30 0.11 30 0.06 32 0.06 32
18 0.12 30 0.22 30 0.12 32 0.12 32
19 0.18 30 0.34 30 0.18 32 0.18 32
20 0.23 30 0.45 30 0.23 32 0.23 32
21 0.79 30 1.72 30 0.78 34 0.78 36
22 1.48 30 3.08 30 1.46 32 1.43 34
23 0.06 30 0.12 30 0.06 32 0.06 32
24 0.12 30 0.24 30 0.12 32 0.12 32
25 0.20 30 0.40 30 0.21 32 0.20 32
26 0.30 30 0.58 30 0.30 32 0.30 32
27 0.38 30 0.75 30 0.38 32 0.38 32
28 0.47 30 0.93 30 0.47 32 0.47 32
29 0.58 30 1.14 30 0.58 32 0.58 33
30 2.81 30 5.68 30 2.78 31 2.73 30
Table 9.29 and Figure 9.8 clearly indicate that the application of OSD, through both
normal and HED discharge control, changes the timing for peak flow from each of the 
sub-catchments. Comparing the results in Table 9.10 (for Q) with Table 9.15 (for Qdet) 
indicate that the target peak flow from each of the sub-catchments is achieved. The
timing of these peak flows, however, results in occasional changes to the size of the 
peak flow at each of the nodes within the catchment. This is further illustrated in the
diagram for Catch 30 located within the Sub-catchment Flows subsection of this
Page 9.30
Chapter 9 -  Branched Network Results
chapter. This diagram indicates the peak flows at critical sections of the catchment. The 
application of HED results in the time for peak flow being greater at nodes 7, 13, 21, 22 
and 29 and less at node 8 and the outlet when compared to the normal OSD results.
With the application of OSD, there is an increase in the time for the peak flow to occur 
at each of the sub-catchment outlets. This is as expected as the OSD basins are delaying 
flow. The application of OSD has not resulted in any increase to peak flows in the 
catchment except for immediately downstream of node 16, where there is a minor 
increase in peak flow for the normal discharge control case. This is due to un-detained 
flows from sub-catchment 16 (which is 100% impervious) coinciding with the change 
in peak flows from sub-catchments feeding node 16.
The time to peak flow at the catchment outlet has been increased by one minute through 
the application of normal discharge control and remains unchanged through the 
application of HED discharge control to the sub-catchments of this model.
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Figure 9.8 -  Catchment 30 Peak Flow Times
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58
Time for Peak discharge, Catchment 58
Existing 
Peak Time 
Flow
(m3/s) (min)
Developed 
Peak Time 
Flow
(m3/s) (min)
Normal Detention 
Peak Time 
Flow
(m3/s) (min)
0.04 30 0.07 30 0.04 32
0.07 30 0.14 30 0.07 32
0.11 30 0.21 30 0.11 32
0.15 30 0.28 30 0.15 32
0.18 30 0.35 30 0.18 32
0.22 30 0.42 30 0.22 32
0.29 30 0.55 30 0.29 32
0.34 30 0.64 30 0.33 32
0.37 30 0.71 30 0.37 32
0.41 30 0.78 30 0.41 32
0.45 30 0.85 30 0.44 32
0.48 30 0.91 30 0.48 32
0.51 30 0.97 30 0.51 32
0.62 30 1.18 30 0.61 32
0.67 30 1.28 30 0.67 32
0.70 30 1.33 30 0.70 31
0.03 30 0.05 30 0.03 32
0.06 30 0.11 30 0.06 32
0.12 30 0.23 30 0.12 32
0.18 30 0.35 30 0.18 32
0.22 30 0.42 30 0.22 32
0.27 30 0.51 30 0.27 32
0.31 30 0.6 30 0.31 32
0.36 30 0.69 30 0.36 32
0.41 30 0.78 30 0.41 32
0.47 30 0.89 30 0.47 32
0.49 30 0.94 30 0.49 32
0.53 30 1.00 30 0.53 32
0.60 30 1.14 30 0.59 32
0.63 30 1.21 30 0.63 32
0.70 30 1.33 30 0.70 32
0.75 30 1.43 30 0.77 30
0.03 30 0.06 30 0.03 32
0.06 30 0.11 30 0.06 32
0.09 30 0.17 30 0.09 32
0.12 30 0.22 30 0.12 32
0.15 30 0.29 30 0.15 32
0.18 30 0.35 30 0.19 32
0.22 30 0.40 30 0.22 32
0.24 30 0.46 30 0.25 32
0.80 30 1.73 30 0.79 34
1.53 30 3.12 30 1.51 31
0.03 30 0.06 30 0.03 32
0.07 30 0.12 30 0.07 32
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Node
Existing 
Peak Time 
Flow
(m3/s) (min)
Developed 
Peak Time 
Flow
(m3/s) (min)
Normal Detention 
Peak Time 
Flow
(m3/s) (min)
HED Detention 
Peak Time 
Flow
(m3/s) (min)
45 0.10 30 0.18 30 0.10 32 0.10 32
46 0.13 30 0.24 30 0.13 32 0.13 32
47 0.16 30 0.30 30 0.16 32 0.16 32
48 0.19 30 0.36 30 0.19 32 0.19 32
49 0.22 30 0.40 30 0.22 32 0.21 32
50 0.26 30 0.50 30 0.27 32 0.26 32
51 0.31 30 0.59 30 0.31 32 0.31 32
52 0.36 30 0.68 30 0.36 32 0.36 32
53 0.40 30 0.76 30 0.41 32 0.40 32
54 0.45 30 0.85 30 0.45 32 0.45 32
55 0.50 30 0.94 30 0.50 32 0.50 32
56 0.54 30 1.02 30 0.54 32 0.54 32
57 0.61 30 1.16 30 0.62 32 0.61 32
58 2.92 30 5.76 30 2.91 31 2.85 31
The above table and the diagram on the following page clearly indicate that the
application of OSD, through both normal and HED discharge control, changes the
timing for peak flow from each of the sub-catchments. Comparing the results in Table 
9.11 (for Q) with Table 9.16 (for Qdet) indicate that the target peak flow from each of
the sub-catchments is achieved. The timing of these peak flows, however, results in 
occasional changes to the size of the peak flow at each of the nodes within the
catchment. This is further illustrated in the diagram for Catch 58 located within the Sub­
catchment Flows subsection of this chapter. This diagram indicates the peak flows at 
critical sections of the catchment. The application of HED results in the time for peak 
flow being greater at nodes 16 and 41 and less at node 42 when compared to the normal 
OSD results.
With the application of OSD, there is an increase in the time for the peak flow to occur 
at each of the sub-catchment outlets. This is as expected as the OSD basins are delaying 
flow. The application of OSD has not resulted in any increase to peak flows in the 
catchment except for immediately downstream of node 32, where there is a minor
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increase in peak flow for the normal discharge control case. This is due to un-detained 
flows from sub-catchment 32 (which is 100% impervious) coinciding with the change 
in peak flows from sub-catchments feeding node 32.
The jump in peak flow time for node 41 in Figure 9.5 is due to the larger size of sub­
catchment 41 -  which represents a current educational facility in the catchment that is 
treated as one developable lot in the catchment models in this chapter. This sub­
catchment has an area of 1.47ha which is significantly greater than most of the other 
sub-catchments in the Catch 19, Catch30 and Catch58 models for which the progressive 
“splitting” of the catchment has resulted in smaller sub-catchments. The application of 
OSD to the larger sub-catchment area results in greater detention time for runoff from 
this sub-catchment resulting in a later peak flow time being recorded. This jump in 
peak flow time is also reflected in the results for node 13 in the Catch 19 model and 
node 21 in the Catch 30 model.
The time to peak flow at the catchment outlet has been increased by one minute through 
the application of both normal and HED discharge control to the sub-catchments of this 
model.
Sub-catchment Flows
The time to peak flow and the peak flow at critical nodes of the catchment models are 
illustrated on the following catchment layout diagrams. These diagrams further 
illustrate that the application of OSD (through both normal and HED control) has not 
adversely affected downstream flows.
Page 9.35
Chapter 9 -  Branched Network Results
THIS PAGE IS INTENTIONALLY BLANK
Page 9.36
Chapter 9 — Branched Network Results
Figure 9.9 -  Catchment 58 Peak Flow Times
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sfc 1
sfc 5
sfc 2
Existing 0.54m 3/s, 30 min 
N ormai D etention: 0 ,53m3/s, 35min 
HED: 0.53m3/s, 36min
sfc 6
Existing 1.27m3/s , 30 min 
N ormai D etention: 1,25m3/s, 35min 
HED: 1.24m3/s, 36min
Existing 2.36m3/s , 30 min 
Normal Detention: 2.29m3/s, 35min 
HED: 2.29m3/s, 36min
ïg 0.5Sm 3/s, 30 min 
Tal Detention: 0.58m3/s^ 30min 
HED: 0.56m3/s, 36min
outlet
Catch 8
sfc 1
sfc 7
sfc 4
sfc 3
Existing 0.54m3/s , 30 min 
Normal Detention: 0J3m3/s, 35min 
HED: 0.53m3/s, 36min
Existing 1,35m3/s, 30 min 
N ormai Detention: 1.32m3/s, 35min 
HED: 1,31m3/s, 36min
Existing 0.64m3/s , 30 min 
N armai Detention: 0.64m3/s, 30min 
HED: 0.62m3/s, 30min
sfc 12
outlet
Existing 2.53m3/s , 30 min 
N ormai D etention: 2 ,47m3/s, 33min 
HED: 2.45m3/s, 35min
Catch 12
Figure 9.10 -  Peak flows and time to peak flow for Catch8 and Catchl2
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s/c 16
s/c 17
s/c 18
outlet
Existing 0.68m3/s , 30 min 
^  N ormai Detention: 0.69m3/s, 30min 
HED: 0.71m3/s^ 30min
Existing 2.71m3/s, 30 min 
N ormai Detention: 2.67m3/s, 31 min 
HED: 2.66m3/£, 30min
node 18
Catch 19
Figure 9.11 - Peak flows and time to peak flow for Catchl9
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sfc 1
sfc 2
ŝ c 3
s/c 4
ŝ 'c 5
sfc 6
sfc 7
node 17
sfc 9
sfc 10
sfc 11
sfc 12
sfc 13
sfc 14
ŝ c 15
xisting 0.66m3/s , 30 min 
N ormai Detention: 0.66m3/s, 31 min 
HED: 0.65m3/s, 30min
sfc 17
sfc 18
sfc 19
sfc 20
s/c 21
Existing 0.71m3/s , 30 min 
Normal Detention: 0.72m3/s, 30min 
HED: 0.71m3/s, 30min
sfc 23
sfc 24
sfc 2 5
sfc 26
s/c 27
s/c 28
s/c 29
Existing 2.81m3/s , 30 min 
N ormai Detention: 2.78m3/s, 31 min 
HED: 2.73m3/s, 30min
outlet
Catch 30
Figure 9.12 - Peak flows and time to peak flow for Catch30
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s/c 1 s/c 2 s/c 3 s/c 4 s/c 5 s/c 6 s/c 7 s/c 8 s/c 9 s/clO  s /c l l  s/c 12 s/c 13 s/c 15
nodel
node 16
Existing 0.70m3/s, 30 m in 
Normal Detention: 0.70m3/s, 31 min 
HED: 0.69m3/s, 32min
s/c 39 s/c 40 s/c 41
node42
s/c 17 s/c 18
Existing 1,53m3/s, 30 min 
Normal Detention: 1.51m3/s, 31 min 
HED: 1,48m3/s, 30min
s/c 19 s/c 20 ŝ c 21 s/c 22 s/c 23 s/c 24 s/c 25 0 s/c 31
nod :
s/c 32 
iode32 
s/c 43 s/c 44
Existing 0.75m3/s , 30 min 
N ormai Detention: 0 .77m3/s, 30min 
HED: 0.75m3/s, 30min 
s/c 45 s ic  46  s/c 47 s/c 48 s/c 49 s/c 50 s/c 51 s/c 57
Existing 2.92m3/s , 30 min 
N ormai Detention: 2.91m3/s^ 31 min 
HED: 2.85m3/s, 31min
outlet
Catch 58
Figure 9.13 - Peak flows and time to peak flow for Catch58
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9.4 CONCLUSION
The aim of this chapter was to determine the effect of lumping of sub-catchments 
(branched network) within a real catchment. The effect of lumping is best explained by 
the results for peak flow at the catchment outlet.
Table 931 Comparison of Peak Flows at Catchment Outlet
Catchment Existing
(m3/s)
Developed
(mJ/s)
Normal OSD 
(m7s)
HED OSD 
(m7s)
Cat58 2.92 5.76 2.91 2.85
Cat30 2.81 5.68 2.77 2.73
Catl9 2.71 5.61 2.66 2.68
Cat 12 2.53 5.46 2.46 2.45
Cat8 2.36 cJ.JJ 2.29 2.29
The modelling of the various catchment models indicates that lumping of the sub­
catchments within each of the models leads to consistent results. The volumes 
produced from each of the above models is similar for the same storms, as presented in 
Tables 9.4 and 9.6. The increase in peak flows for less lumping in the model is 
expected as this breakup results in shorter flow- paths.
The modelling undertaken in this chapter also allows for an examination of the effect of 
the application of OSD to catchment flow s, both at the catchment outlet and within the 
catchment itself. The results presented in this chapter indicate that the application of 
OSD, through either normal or high early discharge control, does not increase the 
flooding levels downstream of those catchments with detention storage applied as there 
is nil or minimal increase in peak flow7 at the catchment outlet. The application of OSD 
results in changes to the time of peak flow at each sub-catchment outlet as is expected 
for flows being detained.
Page 9.43
Chapter 9 -  Branched Network Results
The results also indicate that the use of HED can provide significant savings on the 
storage volume required that would otherwise be used under normal discharge control. 
This reduction results in volumes that generally range from 50% to 80% of that utilised 
in normal discharge control. The results are as expected from HED theory in terms of 
providing significant savings in storage volume to control peak storm flows.
OSD control has been found to be an effective form of limiting storage volume and still 
achieving the desired objectives of limiting peak runoff from a catchment.
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SERIES NETWORK RESULTS
10.1 INTRODUCTION
In this section, a sub-catchment of the Hospital Hill catchment, sub-catchment 15, with 
a drainage network consisting of a series of house lots has been modelled for OSD.
This sub-catchment consists of 40 house lots arranged along the one drainage line. 
These are therefore different to the branched drainage networks present in many urban 
catchments, and so give a further test of the OSD procedures in this thesis.
For this model the catchments have been divided into sub-catchments based on the 
individual house lots. These house lots have then been lumped together to form larger 
sub-catchments in order to test the effectiveness of scaling amongst a catchment with 
sub-catchments in series. This additional analysis has been undertaken to determine if 
there are any detrimental effects from the utilisation of OSD within a series network.
The model has been set up to model drainage for the catchment such that flows from 
streets are included, with these flows entering the system at defined points in the 
network -  represented by nodes/sub-catchments with 100% impervious area. House lot 
drainage has been modelled to enter the street drainage system at the end of each lot -  
as described in Chapter 6.
Data and methods generated in Chapters 6, 7 and 8 have been adopted for this more 
detailed and larger catchment model.
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This catchment was modelled using the WBNM model and was modelled for the
following numbers of sub-catchments.
Table 10.1 Model details
Model_____Number of sub-catchments
Catch40 40 sub-catchments
Catch21 21 sub-catchments
Catch 12 12 sub-catchments
Catch5 5 sub-catchments
The average areas for the sub-catchments comprising each model were as follows:
Table 10.2 Model sub-catchment average areas
Model Average sub­
 catchment area
Catch40 0.06 ha
Catch21 0.12 ha
Catch 12 0.22 ha
Catch5 0.52 ha
As for the one sub-catchment analysis presented previously, this catchment was first 
modelled for existing (or 10% impervious) conditions, then for maximum developed (or 
80% impervious) conditions and then with OSD applied.
In order to ascertain the effects of OSD on “real” catchments, the above configurations 
were modelled for both normal and high early discharge control. This involved using a 
150mm outlet and the same procedure for calculating and applying storage as per 
chapters 7 and 8.
In order to calculate the existing and maximum developed conditions peak flows, the 5 
year ARI and the 100 year ARI storms were modelled for the following storm 
durations:
• 15 minutes,
• 30 minutes,
• 60 minutes,
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• 90 minutes,
• 120 minutes, and
• 180 minutes.
The results are provided below, followed by a discussion of the results. The catchment 
layouts and connectivity of sub-catchments are as indicated on the following figures.
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Catch 5
s/c 1
s/c 2
s/c 3
s/c 4
s/c 6
s/c 7
s/c 8
s/c 9
s/c 10
s/c 11
outlet
Catch 12
Figure 10.1 -  Catchment layout and connectivity for Catch5 and Catchl2
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sfc  9
sfc 10
sfc  1 1
sfc 12
sfc 13
s/c 14
sfc  15
sfc 16
sfc 17
sfc  18
sfc  19
s/c 20
Catch 21
outlet
Figure 10.2 -  Catchment layout and connectivity for Catch21
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s/c 1
s/c 2
s/c 3
s/c 4
s/c 5
s/c 6
s/c 7
s/c 8
s/c 9
s/c 1
s/c 11
s/c 1
s/c 1
s'c 1
Catch 40 s/c 39
s/c 16 
s/c 17 
s/c 18 
s/c 19 
s/c 20 
s/c 21 
s/c 22 
s/c 23 
s/c 24 
s/c 25 
s/c 26 
s/c 27 
s/c 28 
s/c 29 
s/c 30 
s/c 31 
s/c 32 
s/c 33 
s/c 34 
s/c 35 
s/c 36 
s/c 37 
s/c 38
Figure 10.3 -  Catchment layout and connectivity for Catch40
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10.2 W B N M  M O D EL
10.2.1 EXISTING CONDITIONS (10% impervious)
The peak flows at the catchment outlet, for each of the modelled storms, are tabulated
below. The existing conditions results are for the 5 year storm.
Table 10.3 Peak Flows for Existing Conditions
Catchment 15min
(m3/s)
30min
(m3/s)
60min
(m3/s)
90min
(m3/s)
120min
(m3/s)
180min
(m3/s)
catch40 1.21 1.29 1.27 1.38 1.30 0.79
catch21 1.10 1.22 1.22 1.32 1.23 0.79
catch 12 0.98 1.13 1.15 1.25 1.15 0.78
catch 5 0.75 0.93 0.99 1.09 0.98 0.74
The above results indicate that with the increasing break-up of the catchment into sub­
catchments, the peak flow at the outlet of the catchment increases. This reflects what 
would be expected as the break up of a catchment into numerous sub-catchments results 
in shorter flow paths for rainfall to reach the catchment outlet. The smaller catchment 
sizes for the larger models such as catch40, are up to 15% of the size of the catchments 
in the catch5 model which has the least amount of sub-catchment break-up.
The above results in Table 10.3 also indicate that the peak flows for each catchment 
occur for the 90 minute storm for existing conditions. The volume at the outlet of the
catchment is tabulated below.
Table 10.4 Volume at Catchment Outlet
Catchment Volume (m3)
Catch40 1800
Catch21 1850
Catch 12 1870
Catch5 1880
Table 10.4 indicates that the volumes produced from each of the models are almost 
identical and this assists in ensuring that the break up of the models into greater 
numbers of sub-catchments has been undertaken correctly.
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10.2.2 MAXIMUM DEVELOPED CONDITIONS (80% impervious)
The peak flows, at the catchment outlet, for each of the modelled storms are tabulated
below. The maximum developed conditions results are for the 100 year storm.
Table 10.5 Peak flows for Maximum Developed Conditions for lOOyr storm
Catchment 15min
(m3/s)
30min
(m3/s)
60min
(m3/s)
90min
(m3/s)
120min
(m3/s)
180min
(m3/s)
Catch40 2.26 2.23 2.38 2.59 2.52 1.45
Catch21 2.24 2.21 2.35 2.55 2.47 1.45
Catch 12 2.19 2.19 2.31 2.50 2.41 1.45
Catch5 2.06 2.11 2.21 2.38 2.25 1.45
These results are consistent with those for existing (10% impervious area) conditions.
As the catchment is broken up into more sub-catchments, the peak flow for the 
catchment increases.
The above results indicate that the critical storm is the 90 minute storm for each of the 
catchments under maximum developed conditions. The volume at the catchment outlet 
is tabulated below.
Table 10.6 Volume at catchment outlet
Catchment Volume (m3)
Cat40 3980
Cat21 3990
Cat 12 3990
Cat5 4000
Table 10.6 indicates that the volumes produced from each of the models are almost 
identical and this further assists in ensuring that the break up of the models into greater 
numbers of sub-catchments has been undertaken correctly.
10.2.3 APPLICATION OF ON-SITE DETENTION
For the initial estimate of required storage for OSD, equation (1) is applied, providing 
the following results for required storage for each of the sub-catchments in each model.
As the model for each catchment provides a value for each of the sub-catchments for 
flows Q and I (ie at 10% and 80%) and a volume, V, then the storage for each of the 
sub-catchments can be calculated as per equation 1. The estimated values used for 
initial storage volume for each sub-catchment for the four models are tabulated below.
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These values are a result of calculations using equation (1) presented in previous 
chapters.
Note that the detention storage is only applied to the developable blocks. The nodes 
with 100% impervious area do not have detention applied to the flows produced from 
their sub-catchments.
The aim of applying the detention storage to each sub-catchment is to reduce each of the 
maximum developed peak flows, I, to the existing peak flows, Q.
Table 10.7 Estimated detention storage for Catchment 5
Catchment Area Q I V S
(m3/s) (m3/s) (m3) (m3)
SUBAREA1 1.0374 0.412 0.912 1543 845.9
SUBAREA3 0.389 0.174 0.358 578 297.1
SUBAREA4 1.1592 0.453 1.013 1724 953.1
TOTAL 2096.1
l.8 Estimated detention storage for Catchment 12
Catchment Area Q I V S
(m3/s) (m3/s) (m3) (m3)
SUBAREA1 0.252 0.118 0.235 375 186.7
SUBAREA2 0.2814 0.13 0.262 418 210.6
SUBAREA3 0.336 0.153 0.311 499 253.5
SUBAREA4 0.168 0.081 0.159 250 122.6
SUBAREA6 0.389 0.174 0.358 578 297.1
SUBAREA7 0.2478 0.116 0.232 368 184.0
SUBAREA8 0.3066 0.14 0.284 456 231.2
SUBAREA9 0.2184 0.103 0.205 325 161.7
SUBAREA10 0.2772 0.128 0.258 412 207.6
SUBAREA11 0.1092 0.054 0.104 162 77.9
TOTAL 1932.9
I.9 Estimated detention storage for Catchment 21
Catchment Area Q I V S
(m3/s) (m3/s) (m3) (m3)
SUBAREA1 0.1134 0.056 0.108 168 80.9
SUBAREA2 0.1386 0.068 0.132 206 99.9
SUBAREA3 0.1134 0.056 0.108 168 80.9
SUBAREA4 0.168 0.081 0.159 250 122.6
SUBAREA5 0.168 0.081 0.159 250 122.6
SUBAREA6 0.168 0.081 0.159 250 122.6
SUBAREA7 0.168 0.081 0.159 250 122.6
SUBAREA9 0.146 0.071 0.139 217 106.2
SUBAREA10 0.1215 0.06 0.116 181 87.4
SUBAREA11 0.1215 0.06 0.116 181 87.4
SUBAREA12 0.1092 0.054 0.104 162 77.9
SUBAREA13 0.1386 0.068 0.132 206 99.9
SUBAREA14 0.168 0.081 0.159 250 122.6
SUBAREA15 0.1386 0.068 0.132 206 99.9
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Catchment Area Q
(m3/s)
i
(m3/s)
V
(m3)
s
(m3)
SUBAREA16 0.1092 0.054 0.104 162 77.9
SUBAREA17 0.1092 0.054 0.104 162 77.9
SUBAREA18 0.1386 0.068 0.132 206 99.9
SUBAREA19 0.1386 0.068 0.132 206 99.9
SUBAREA20
TOTAL
0.1092 0.054 0.104 162 77.9
1866.8
Table 10.10 Estimated detention storage for Catchment 40
Catchment Area Q I V S
____________________ (m3/s) (m3/s) (m3) (m3)
SUBAREA1 0.0462 0.024 0.045 68 31.7
SUBAREA2 0.0672 0.034 0.065 99 47.2
SUBAREA3 0.084 0.043 0.081 125 58.6
SUBAREA4 0.0546 0.028 0.053 81 38.2
SUBAREA5 0.0588 0.03 0.057 87 41.2
SUBAREA6 0.0546 0.028 0.053 81 38.2
SUBAREA7 0.084 0.043 0.081 125 58.6
SUBAREA8 0.084 0.043 0.081 125 58.6
SUBAREA9 0.084 0.043 0.081 125 58.6
SUBAREA10 0.084 0.043 0.081 125 58.6
SUBAREA11 0.084 0.043 0.081 125 58.6
SUBAREA12 0.084 0.043 0.081 125 58.6
SUBAREA13 0.0924 0.046 0.089 137 66.2
SUBAREA14 0.0756 0.039 0.073 112 52.2
SUBAREA16 0.0816 0.041 0.078 121 57.4
SUBAREA17 0.0644 0.033 0.062 95 44.4
SUBAREA18 0.0585 0.03 0.057 86 40.7
SUBAREA19 0.063 0.032 0.061 93 44.2
SUBAREA20 0.0615 0.032 0.059 91 41.6
SUBAREA21 0.06 0.031 0.058 89 41.4
SUBAREA22 0.0546 0.028 0.053 81 38.2
SUBAREA23 0.0546 0.028 0.053 81 38.2
SUBAREA24 0.0546 0.028 0.053 81 38.2
SUBAREA25 0.084 0.043 0.081 125 58.6
SUBAREA26 0.084 0.043 0.081 125 58.6
SUBAREA27 0.084 0.043 0.081 125 58.6
SUBAREA28 0.084 0.043 0.081 125 58.6
SUBAREA29 0.0546 0.028 0.053 81 38.2
SUBAREA30 0.0546 0.028 0.053 81 38.2
SUBAREA31 0.0546 0.028 0.053 81 38.2
SUBAREA32 0.0546 0.028 0.053 81 38.2
SUBAREA33 0.0546 0.028 0.053 81 38.2
SUBAREA34 0.0546 0.028 0.053 81 38.2
SUBAREA35 0.084 0.043 0.081 125 58.6
SUBAREA36 0.084 0.043 0.081 125 58.6
SUBAREA37 0.0546 0.028 0.053 81 38.2
SUBAREA38 0.0546 0.028 0.053 81 38.2
SUBAREA39 0.0546 0.028 0.053 81 38.2
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Catchment Area Q I V S
_____________________ (m3/s) (m3/s) (m3) (m3)
TOTAL 1805.6
10.2.3.1 Reduction of 100yr to 5yr flows: Normal Discharge Control
The values for detention storage calculated in tables 10.7 to 10.10 were found to result 
in the target peak flow from each of the sub-catchments not being achieved. In most 
cases, the peak flow from the sub-catchments was not reduced to the target flow, Q, 
although in some cases this reduction was below Q. The time peak flow, for the 90 
minute storm, for both existing and developed conditions for each of the sub-catchments 
is 30 minutes (these results are provided in Section 10.3). The effect of OSD on time 
for peak flow is illustrated in the following results for each of the catchment models.
For each of the four catchment models a trial and error process to determine the final 
storage requirement, S, was undertaken to ensure that the target flow, Q, for each sub­
catchment was achieved. These results are presented in the following tables.
Catchment 5
The final H-S relationship and resulting peak flows, height of water in each basin and 
time for peak flow are illustrated in Table 10.11.
Table 10.11 Results for OSD -  normal discharge control, Catchment 5 
H-S Relationship
0.2 0.4 0.6 0.8 1.0 Q det 
(m3/s)
H max 
(m)
SUBAREA1 0.108 0.216 0.324 0.432 0.540 0.412 0.916
SUBAREA3 0.040 0.080 0.120 0.160 0.200 0.174 0.847
SUBAREA4 0.124 0.248 0.372 0.496 0.620 0.453 0.902
Using the above, the outflow is 1.07m3/s, which is less than the target of 1.09m3/s.
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Catchment 12
The final H-S relationship and resulting peak flows, height of water in each basin and
time for peak flow are illustrated in Table 10.12.
Table 10.12 Results for OSD -  normal discharge control, Catchment 12
H-S Relationship
0.2 0.4 0.6 0.8 1 Q det 
(m3/s)
H max 
(m)
SUBAREA1 0.0373 0.0747 0.1120 0.1494 0.1867 0.109 0.594
SUBAREA2 0.0421 0.0842 0.1264 0.1685 0.2106 0.113 0.619
SUBAREA3 0.0507 0.1014 0.1521 0.2028 0.2535 0.144 0.652
SUBAREA4 0.0245 0.0491 0.0736 0.0981 0.1226 0.073 0.492
SUBAREA6 0.0594 0.1188 0.1782 0.2377 0.2971 0.15 0.492
SUBAREA7 0.0368 0.0736 0.1104 0.1472 0.1840 0.108 0.507
SUBAREA8 0.0462 0.0925 0.1387 0.1850 0.2312 0.116 0.767
SUBAREA9 0.0323 0.0647 0.0970 0.1294 0.1617 0.103 0.492
SUBAREA10 0.0415 0.0830 0.1246 0.1661 0.2076 0.112 0.491
SUBAREA11 0.0156 0.0312 0.0467 0.0623 0.0779 0.061 0.652
Using the above, the outflow is 1.24m3/s, which is less than the target of 1.25m3/s.
Catchment 21
The final H-S relationship and resulting peak flows, height of water in each basin and
time for peak flow are illustrated in Table 10.13.
Table 10.13
SUBAREA1 
SUBAREA2 
SUBAREA3 
SUBAREA4 
SUBAREA5 
SUBAREA6 
SUBAREA7 
SUBAREA9 
SUBAREA10 
SUBAREA11 
SUBAREA12 
SUBAREA13 
SUBAREA 14 
SUBAREA15 
SUBAREA16
Results for OSD -  normal discharge control, Catchment 21 
H-S Relationship
0.2 0.4 0.6 0.8 1.0 Q det 
(m3/s)
H max
(m)
0.0234 0.0468 0.0702 0.0936 0.1170 0.056 0.423
0.0200 0.0400 0.0600 0.0800 0.1000 0.068 0.575
0.0234 0.0468 0.0702 0.0936 0.1170 0.056 0.423
0.0180 0.0360 0.0540 0.0720 0.0900 0.081 0.762
0.0180 0.0360 0.0540 0.0720 0.0900 0.081 0.762
0.0180 0.0360 0.0540 0.0720 0.0900 0.081 0.762
0.0180 0.0360 0.0540 0.0720 0.0900 0.081 0.762
0.0200 0.0400 0.0600 0.0800 0.1000 0.071 0.611
0.0220 0.0440 0.0660 0.0880 0.1100 0.06 0.472
0.0220 0.0440 0.0660 0.0880 0.1100 0.06 0.472
0.0240 0.0480 0.0720 0.0960 0.1200 0.054 0.401
0.0200 0.0400 0.0600 0.0800 0.1000 0.068 0.575
0.0180 0.0360 0.0540 0.0720 0.0900 0.081 0.762
0.0200 0.0400 0.0600 0.0800 0.1000 0.068 0.575
0.0240 0.0480 0.0720 0.0960 0.1200 0.054 0.401
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H-S Relationship
0.2 0.4 0.6 0.8 1.0 Q det 
(m3/s)
H max 
(m)
SUBAREA17 0.0240 0.0480 0.0720 0.0960 0.1200 0.054 0.401
SUBAREA18 0.0200 0.0400 0.0600 0.0800 0.1000 0.068 0.575
SUBAREA19 0.0200 0.0400 0.0600 0.0800 0.1000 0.068 0.575
SUBAREA20 0.0240 0.0480 0.0720 0.0960 0.1200 0.054 0.401
Using the above, the outflow is 1.32m3/s, which is equivalent to the target of 1.32m3/s.
Catchment 40
The final H-S relationship and resulting peak flows, height of water in each basin and
time for peak flow are illustrated in Table 10.14.
Table 10.14 Results for OSD -  normal discharge control, Catchment 40
H-S Relationship
0.2 0.4 0.6 0.8 1 Qdet H max
________________________________________________ (m3/s) (m)
SUBAREA 1 0.0110 
SUBAREA2 0.0094 
SUBAREA3 0.0080 
SUBAREA4 0.0110 
SUBAREA5 0.0100 
SUBAREA6 0.0110 
SUBAREA7 0.0080 
SUBAREA8 0.0080 
SUBAREA9 0.0080 
SUBAREA10 0.0080 
SUBAREA11 0.0080 
SUBAREA12 0.0080 
SUBAREA13 0.0082 
SUBAREA14 0.0080 
SUBAREA16 0.0084 
SUBAREA17 0.0094 
SUBAREA18 0.0100 
SUBAREA19 0.0100 
SUBAREA20 0.0090 
SUBAREA21 0.0100 
SUBAREA22 0.0108 
SUBAREA23 0.0108 
SUBAREA24 0.0108 
SUBAREA25 0.0080 
SUBAREA26 0.0080 
SUBAREA27 0.0080 
SUBAREA28 0.0080 
SUBAREA29 0.0108 
SUBAREA30 0.0108
0.0220 0.0330 0.0440
0.0189 0.0283 0.0378
0.0160 0.0240 0.0320
0.0220 0.0330 0.0440
0.0200 0.0300 0.0400
0.0220 0.0330 0.0440
0.0160 0.0240 0.0320
0.0160 0.0240 0.0320
0.0160 0.0240 0.0320
0.0160 0.0240 0.0320
0.0160 0.0240 0.0320
0.0160 0.0240 0.0320
0.0164 0.0246 0.0328
0.0160 0.0240 0.0320
0.0168 0.0252 0.0336
0.0188 0.0282 0.0376
0.0200 0.0300 0.0400
0.0200 0.0300 0.0400
0.0180 0.0270 0.0360
0.0200 0.0300 0.0400
0.0216 0.0324 0.0432
0.0216 0.0324 0.0432
0.0216 0.0324 0.0432
0.0160 0.0240 0.0320
0.0160 0.0240 0.0320
0.0160 0.0240 0.0320
0.0160 0.0240 0.0320
0.0216 0.0324 0.0432
0.0216 0.0324 0.0432
0.0550 0.024 0.352
0.0472 0.034 0.578
0.0400 0.043 0.821
0.0550 0.028 0.423
0.0500 0.03 0.481
0.0550 0.028 0.423
0.0400 0.043 0.821
0.0400 0.043 0.821
0.0400 0.043 0.821
0.0400 0.043 0.821
0.0400 0.043 0.821
0.0400 0.043 0.821
0.0410 0.046 0.913
0.0400 0.039 0.721
0.0420 0.041 0.773
0.0470 0.033 0.551
0.0500 0.030 0.479
0.0500 0.032 0.521
0.0450 0.032 0.533
0.0500 0.031 0.493
0.0540 0.028 0.426
0.0540 0.028 0.426
0.0540 0.028 0.426
0.0400 0.043 0.821
0.0400 0.043 0.821
0.0400 0.043 0.821
0.0400 0.043 0.821
0.0540 0.028 0.426
0.0540 0.028 0.426
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H-S Relationship
0.2 0.4 0.6 0.8 1 Q det 
(m3/s)
H max 
(m)
SUBAREA31 0.0108 0.0216 0.0324 0.0432 0.0540 0.028 0.426
SUBAREA32 0.0108 0.0216 0.0324 0.0432 0.0540 0.028 0.426
SUBAREA33 0.0108 0.0216 0.0324 0.0432 0.0540 0.028 0.426
SUBAREA34 0.0108 0.0216 0.0324 0.0432 0.0540 0.028 0.426
SUBAREA35 0.0080 0.0160 0.0240 0.0320 0.0400 0.043 0.821
SUBAREA36 0.0080 0.0160 0.0240 0.0320 0.0400 0.043 0.821
SUBAREA37 0.0108 0.0216 0.0324 0.0432 0.0540 0.028 0.426
SUBAREA38 0.0108 0.0216 0.0324 0.0432 0.0540 0.028 0.426
SUBAREA39 0.0108 0.0216 0.0324 0.0432 0.0540 0.028 0.426
Using the above, the outflow is 1.38m3/s, which is equivalent to the target of 1.38m3/s.
10.2.3.2 Summary of Results: 100 yr flows by normal discharge 
control
Table 10.15 summarises the peak discharges resulting from the application of OSD with
normal discharge control.
Table 10.15 Peak discharges
Catchment 90min Target
___________(m3/s) (m3/s)
Cat40 1.38 1.38
Cat21 1.32 1.32
Cat 12 1.24 1.25
Cat05 1.07 1.09
As stated in Section 10.2, the PSD for each sub-catchment was maintained at the 
allowable limit in order to achieve the above peak discharges from the catchment.
These results for peak flow are reasonably close to or equivalent to the target flows. 
This is due to the change in time for the peak flow from each of the sub-catchments. 
This is further discussed in Section 9.3.
The final required total storage volume and the storage volume initially calculated 
(using equation 1) for each catchment to reduce the 80% maximum developed
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catchment back to the peak flow at the catchment outlet for 10% conditions were as
tabulated below.
Table 10.16 Final storage volume
Catchment Storage used in model (m3)
Cat40
Cat21
Cat12
Cat05
1795.2
1984.0 
1503.7
1360.0
A comparison of time for peak flows to reach the outlet and also downstream nodes is
an important consideration in determining if OSD has any detrimental effects on a 
catchment. This is discussed in section 10.3 of this chapter.
10.2.3.3 Reduction of 100 year to 5 year flows: High Early Discharge 
Control
The catchment models have high early discharge (HED) control applied to the OSD 
basins. As stated in Chapter 8, HED is a method that increases the rate of discharge 
from a detention basin such that the PSD is reached early in the storm and this rate of 
discharge is maintained for as long as is possible.
In order to undertake the modelling for HED, the storage volume at the 0.8m level was 
set at 90% of the basin volume. A volume was then applied for the basin and through 
trial and error, a suitable storage volume that supplied both the discharge required and 
that prevented the height of the basin from being exceeded was determined.
The final HED volumes and resulting peak flows, height of water in basins and time for 
peak flow are presented in the following tables for each of the catchment models.
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Catchment 5
The final H-S relationship and resulting peak flows and height of water in each basin
are illustrated in Table 10.17.
Table 10.17 Results for OSD -  HED discharge control, Catchment 5
Catchment 0.8 1.0 Outlets Q out 
(m3/s)
H max 
(m)
% of 
normal S
SUBAREA1 0.3123 0.347 9 0.412 0.918 64%
SUBAREA3 0.0972 0.108 4 0.174 0.843 54%
SUBAREA4 0.3537 0.393 10 0.453 0.903 63%
The outflow at the catchment outlet is 1.06m3/s, which is less than the target of 
1.09m3/s.
Catchment 12
The final H-S relationship and resulting peak flows and height of water in each basin 
are illustrated in Table 10.18.
Table 10.18 Results for OSD -  HED discharge control, Catchment 12 
Catchment 0.8 1 Outlets Q out H max % of
(m3/s) (m) normal S
SUBAREA1 0.0855 0.095 3 0.118 0.719 65%
SUBAREA2 0.0666 0.074 3 0.13 0.84 52%
SUBAREA3 0.1007 0.106 4 0.153 0.692 50%
SUBAREA4 0.045 0.05 2 0.081 0.751 56%
SUBAREA6 0.0972 0.108 4 0.174 0.843 54%
SUBAREA7 0.0945 0.105 3 0.116 0.703 70%
SUBAREA8 0.0792 0.088 3 0.14 0.942 64%
SUBAREA9 0.0608 0.064 3 0.103 0.578 40%
SUBAREA10 0.06435 0.0715 3 0.128 0.823 49%
SUBAREA 11 0.03381 0.035 2 0.054 0.398 29%
The outflow at the catchment outlet is 1.23m /s, which is less than the target of 
1.25m3/s.
Catchment 21
The final H-S relationship and resulting peak flows and height of water in each basin 
are illustrated in Table 10.19.
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Table 10.19 Results for OSD -  HED discharge control, Catchment 21 
Catchment 0.8 1 Outlets Q out H max % of
(m3/s) (m) normal S
SUBAREA1 0.036467 0.03775 2 0.056 0.418 32%
SUBAREA2 0.038 0.04 2 0.068 0.568 40%
SUBAREA3 0.036467 0.03775 2 0.056 0.418 32%
SUBAREA4 0.045 0.05 2 0.081 0.751 56%
SUBAREA5 0.045 0.05 2 0.081 0.751 56%
SUBAREA6 0.045 0.05 2 0.081 0.751 56%
SUBAREA7 0.045 0.05 2 0.081 0.751 56%
SUBAREA9 0.0361 0.038 2 0.071 0.612 38%
SUBAREA 10 0.042504 0.044 2 0.06 0.467 40%
SUBAREA11 0.042504 0.044 2 0.06 0.467 40%
SUBAREA12 0.034776 0.036 2 0.054 0.394 30%
SUBAREA13 0.038 0.04 2 0.068 0.568 40%
SUBAREA14 0.045 0.05 2 0.081 0.751 56%
SUBAREA15 0.038 0.04 2 0.068 0.568 40%
SUBAREA16 0.034776 0.036 2 0.054 0.394 30%
SUBAREA17 0.034776 0.036 2 0.054 0.394 30%
SUBAREA18 0.038 0.04 2 0.068 0.568 40%
SUBAREA19 0.038 0.04 2 0.068 0.568 40%
SUBAREA20 0.034776 0.036 2 0.054 0.394 30%
The outflow at the catchment outlet is 1.3 lm3/s, which is less than the target of 
1.32m3/s.
Catchment 40
The final H-S relationship and resulting peak flows and height of water in each basin 
are illustrated in Table 10.20.
Table 10.20 Results for OSD -  HED discharge control, Catchment 40
Catchment 0.8 1 Outlets Q out 
(m3/s)
H max 
(m)
% of normal 
S
SUBAREA1 0.017388 0.018 1 0.024 0.343 33%
SUBAREA2 0.0171 0.018 1 0.034 0.573 38%
SUBAREA3 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA4 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA5 0.019803 0.0205 1 0.03 0.483 41%
SUBAREA6 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA7 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA8 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA9 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA10 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA11 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA12 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA13 0.02088 0.0232 1 0.046 0.937 57%
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Catchment 0.8 1 Outlets Q out 
(m3/s)
H max 
(m)
% of norr 
S
SUBAREA14 0.0225 0.025 1 0.039 0.708 63%
SUBAREA16 0.0198 0.022 1 0.041 0.759 52%
SUBAREA17 0.02386 0.0247 1 0.033 0.553 53%
SUBAREA18 0.019803 0.0205 1 0.03 0.463 41%
SUBAREA19 0.0228 0.024 1 0.032 0.513 48%
SUBAREA20 0.0209 0.022 1 0.032 0.512 49%
SUBAREA21 0.020769 0.0215 1 0.031 0.491 43%
SUBAREA22 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA23 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA24 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA25 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA26 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA27 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA28 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA29 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA30 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA31 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA32 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA33 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA34 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA35 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA36 0.01665 0.0185 1 0.043 0.816 46%
SUBAREA37 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA38 0.016905 0.0175 1 0.028 0.417 32%
SUBAREA39 0.016905 0.0175 1 0.028 0.417 32%
The outflow at the catchment outlet is 1.36m3/s, which is less than the target of 
1.38m3/s.
10.2.3.4 Summary of Results: 100 yr flows for HED
Table 10.21 summarises the peak discharges resulting from the application of OSD with
HED discharge control.
Table 10.21 Peak discharges 
Catchment 90min Target 
___________ (m3/s) (m3/s)
Cat40 1.36 1.38
Cat21 1.31 1.32
Cat 12 1.23 1.25
Cat05 1.06 1.09
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The PSD for each sub-catchment was maintained at or below the allowable limit (the 
target flow -  derived from the flow for existing conditions) in order to achieve the 
above targeted peak discharges from the catchment.
These results for peak flow are less than the target flows. This is due to the change in 
time for the peak flow from each of the sub-catchments. This is further discussed in 
Section 10.3.
The required storage for HED control and that required for normal discharge control to 
reduce the 80% maximum developed catchment back to the peak flow at the catchment 
outlet for 10% conditions are presented in Table 10.22.
Table 10.22 Comparison of normal and HED discharge control storage volumes
Catchment Storage used for 
normal discharge 
control 
(m3)
Storage 
used for 
HED control
(m3)
HED storage volume as 
percentage of normal 
discharge control volume
Cat40 1795.2 724.9 40
Cat21 1984.0 795.5 40
Cat12 1503.7 796.5 53
Cat05 1360.0 848 62
These results for S indicate that the storage required for HED discharge control is 
significantly less than that required for normal discharge control. This finding agrees 
with the findings in chapters 7 and 8.
A comparison of time for peak flows to reach the outlet and also downstream nodes is 
an important consideration in determining if OSD has any detrimental effects on a 
catchment. This is discussed in section 10.3 of this chapter.
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10.3 DISCUSSION OF RESULTS
The original flows from each node for existing conditions is compared with the flows
due to OSD on the following diagrams. The time for peak discharge at each of the
nodes is also presented.
Catchment 5
Table 10.23 Time for Peak discharge, Catchment 5
Node
Existing 
Peak Time 
Flow
(m3/s) (min)
Developed 
Peak Time 
Flow
(m3/s) (min)
Normal
Peak
Flow
(m3/s)
Detention
Time
(min)
HED Detention 
Peak Time 
Flow
(m3/s) (min)
1 0.41 30 0.91 30 0.41 35 0.41 35
2 0.44 30 0.96 30 0.43 30 0.43 35
3 0.17 30 0.36 30 0.17 33 0.17 33
4 0.45 30 1.01 30 0.45 35 0.45 35
5 1.09 30 2.38 30 1.07 34 1.06 35
Figure 10.4 -  Catchment 5 Peak Flow Times
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Table 10.23 and Figure 10.4 clearly indicate that the application of OSD, through both 
normal and HED discharge control, changes the timing for peak flow from each of the 
sub-catchments. Comparing the results in Table 10.7 (for Q) with Table 10.11 (for Qdet) 
indicates that the target peak flow from each of the sub-catchments is achieved. The 
timing of these peak flows, however, results in occasional changes to the size of the
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peak flow at each of the nodes within the catchment. This is further illustrated in the 
diagram for Catch5, located within the Sub-catchment Flows subsection of this chapter. 
This diagram indicates the peak flows at critical sections of the catchment. The 
application of HED results in the time for peak flow being greater at node 2 and at the 
outlet when compared to the normal OSD results.
With the application of OSD, there is an increase in the time for the peak flow to occur 
at each of the sub-catchment outlets. This is as expected as the OSD basins are delaying 
flow. The application of OSD has not resulted in any increase to peak flows in the 
catchment.
The time to peak flow at the catchment outlet has been increased by four minutes and 
five minutes through the application of normal and HED discharge control to the sub­
catchments of this model.
Catchment 12
Table 10.24 Time for Peak discharge, Catchment 12
Existing Developed Normal Detention HED Detention
Node Peak Time Peak Time Peak Time Peak Time
Flow Flow Flow Flow
(m3/s) (min) (m3/s) (min) (m3/s) (min) (m3/s) (min)
1 0.12 30 0.24 30 0.12 33 0.12 33
2 0.25 30 0.50 30 0.25 33 0.25 33
3 0.08 30 0.16 30 0.08 32 0.08 32
4 0.23 30 0.47 30 0.23 33 0.23 33
5 0.51 30 1.01 30 0.51 30 0.50 30
6 0.17 30 0.36 30 0.17 33 0.17 33
7 0.29 30 0.59 30 0.29 33 0.29 33
8 0.34 30 0.69 30 0.34 33 0.34 33
9 0.47 30 0.95 30 0.47 33 0.47 33
10 0.14 30 0.28 30 0.14 33 0.14 33
11 0.24 30 0.49 30 0.24 33 0.24 33
12 1.25 30 2.50 30 1.24 31 1.23 33
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Figure 10.5 -  Catchment 12 Peak Flow Times
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The above table and diagram clearly indicate that the application of OSD, through both 
normal and HED discharge control, changes the timing for peak flow from each of the 
sub-catchments. Comparing the results in Table 10.8 (for Q) with Table 10.12 (for Qdet) 
indicates that the target peak flow from each of the sub-catchments is achieved. The 
timing of these peak flows, however, results in occasional changes to the size of the 
peak flow at each of the nodes within the catchment. This is further illustrated in the 
diagram for Catchl2, located within the Sub-catchment Flows subsection of this 
chapter. This diagram indicates the peak flows at critical sections of the catchment.
The application of HED results in the time for peak flow being greater at the outlet 
when compared to the normal OSD results.
With the application of OSD, there is an increase in the time for the peak flow to occur 
at each of the sub-catchment outlets. This is as expected as the OSD basins are delaying 
flow. The application of OSD has not resulted in any increase to peak flows in the 
catchment.
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The time to peak flow at the catchment outlet has been increased by one minutes and 
three minutes through the application of normal and HED discharge control to the sub­
catchments of this model.
Catchment 21
Table 10.25 Time for Peak discharge, Catchment 21
Node
Existing 
Peak Time 
Flow
(m3/s) (min)
Developed 
Peak Time 
Flow
(m3/s) (min)
Normal
Peak
Flow
(m3/s)
Detention
Time
(min)
HED Detention 
Peak Time 
Flow
(m3/s) (min)
1 0.06 30 0.11 30 0.06 32 0.06 32
2 0.12 30 0.24 30 0.12 32 0.12 32
3 0.18 30 0.35 30 0.18 32 0.18 32
4 0.26 30 0.51 30 0.26 32 0.26 32
5 0.08 30 0.16 30 0.08 32 0.08 32
6 0.16 30 0.32 30 0.16 32 0.16 32
7 0.24 30 0.48 30 0.24 32 0.24 32
8 0.53 30 1.03 30 0.53 30 0.54 30
9 0.07 30 0.14 30 0.07 32 0.07 32
10 0.13 30 0.25 30 0.13 32 0.13 32
11 0.19 30 0.37 30 0.19 32 0.19 32
12 0.25 30 0.47 30 0.25 32 0.24 32
13 0.31 30 0.61 30 0.31 32 0.31 32
14 0.38 30 0.74 30 0.38 32 0.38 32
15 0.44 30 0.84 30 0.44 32 0.43 32
16 0.05 30 0.10 30 0.05 32 0.05 32
17 0.12 30 0.24 30 0.12 32 0.12 32
18 0.20 30 0.39 30 0.20 32 0.20 32
19 0.27 30 0.53 30 0.27 32 0.27 32
20 0.33 30 0.63 30 0.33 32 0.32 32
21 1.32 30 2.55 30 1.32 31 1.31 30
Paae 10.23
Chapter 10 -  Series Network Results
Figure 10.6 -  Catchment 21 Peak Flow Times
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The above table and diagram clearly indicate that the application of OSD, through both 
normal and HED discharge control, changes the timing for peak flow from each of the 
sub-catchments. Comparing the results in Table 10.9 (for Q) with Table 10.13 (for Qdet) 
indicates that the target peak flow from each of the sub-catchments is achieved. The 
timing of these peak flows, however, results in occasional changes to the size of the 
peak flow at each of the nodes within the catchment. This is further illustrated in the 
diagram for Catch21, located within the Sub-catchment Flows subsection of this 
chapter. This diagram indicates the peak flows at critical sections of the catchment.
The application of HED results in the time for peak flow being less at the outlet, when 
compared to the normal OSD results.
With the application of OSD, there is an increase in the time for the peak flow to occur 
at each of the sub-catchment outlets. This is as expected as the OSD basins are delaying 
flow. The application of OSD has not resulted in any increase to peak flows in the
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catchment except for immediately downstream of node 8, where there is a minor 
increase in peak flow for the application of HED discharge control.
The time to peak flow at the catchment outlet has been increased by one minute and 
zero minutes through the application of normal and HED discharge control to the sub­
catchments of this model.
Catchment 40
Table 10.26 Time for Peak discharge, Catchment 40
Node
Existing 
Peak Time 
Flow
(m3/s) (min)
Developed 
Peak Time 
Flow
(m3/s) (min)
Normal
Peak
Flow
(m3/s)
Detention
Time
(min)
HED Detention 
Peak Time 
Flow
(m3/s) (min)
1 0.02 30 0.04 30 0.02 31 0.02 31
2 0.06 30 0.11 30 0.06 32 0.06 32
3 0.10 30 0.19 30 0.10 32 0.10 32
4 0.13 30 0.24 30 0.13 32 0.13 32
5 0.16 30 0.30 30 0.16 32 0.16 32
6 0.19 30 0.35 30 0.19 32 0.19 32
7 0.23 30 0.43 30 0.23 32 0.23 32
8 0.27 30 0.51 30 0.27 32 0.27 32
9 0.32 30 0.59 30 0.32 32 0.31 32
10 0.04 30 0.07 30 0.04 32 0.04 32
11 0.08 30 0.16 30 0.08 32 0.09 32
12 0.13 30 0.24 30 0.13 32 0.13 32
13 0.17 30 0.32 30 0.17 32 0.17 32
14 0.21 30 0.40 30 0.21 32 0.21 32
15 0.56 30 1.05 30 0.56 30 0.55 30
16 0.04 30 0.08 30 0.04 32 0.04 32
17 0.07 30 0.14 30 0.07 32 0.07 32
18 0.10 30 0.20 30 0.10 32 0.10 32
19 0.14 30 0.26 30 0.14 32 0.14 32
20 0.17 30 0.32 30 0.17 32 0.17 32
21 0.20 30 0.38 30 0.20 32 0.20 32
22 0.23 30 0.43 30 0.23 32 0.23 32
23 0.26 30 0.48 30 0.26 32 0.25 32
24 0.28 30 0.53 30 0.28 32 0.28 32
25 0.33 30 0.61 30 0.33 32 0.32 32
26 0.37 30 0.70 30 0.37 32 0.37 32
27 0.40 30 0.75 30 0.40 32 0.39 32
28 0.43 30 0.8 30 0.43 32 0.42 32
29 0.45 30 0.85 30 0.45 32 0.45 32
30 0.03 30 0.05 30 0.03 32 0.03 32
31 0.06 30 0.11 30 0.06 32 0.06 32
32 0.08 30 0.16 30 0.08 32 0.08 32
33 0.13 30 0.24 30 0.13 32 0.13 32
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Node
Existing 
Peak Time 
Flow
(m3/s) (min)
Developed 
Peak Time 
Flow
(m3/s) (min)
Normal Detention 
Peak Time 
Flow
(m3/s) (min)
HED Detention 
Peak Time 
Flow
(m3/s) (min)
34 0.17 30 0.32 30 0.17 32 0.17 32
35 0.21 30 0.40 30 0.21 32 0.21 32
36 0.25 30 0.48 30 0.26 32 0.25 32
37 0.28 30 0.53 30 0.28 32 0.28 32
38 0.31 30 0.59 30 0.31 32 0.31 32
39 0.34 30 0.64 30 0.34 32 0.34 32
40 1.38 30 2.59 30 1.38 31 1.36 32
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Figure 10.7 -  Catchment 40 Peak Flow Times
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The above table and diagram clearly indicate that the application of OSD, through both 
normal and HED discharge control, changes the timing for peak flow from each of the 
sub-catchments. Comparing the results in Table 10.10 (for Q) with Table 10.14 (for 
Qdet) indicates that the target peak flow from each of the sub-catchments is achieved.
The timing of these peak flows, however, results in occasional changes to the size of the 
peak flow at each of the nodes within the catchment. This is further illustrated in the 
diagram for Catch40, located within the Sub-catchment Flows subsection of this 
chapter. This diagram indicates the peak flows at critical sections of the catchment.
The application of HED results in the time for peak flow being greater at the outlet, 
when compared to the normal OSD results.
With the application of OSD, there is an increase in the time for the peak flow to occur 
at each of the sub-catchment outlets. This is as expected as the OSD basins are delaying 
flow. The application of OSD has not resulted in any increase to peak flows in the 
catchment except for immediately downstream of node 11, where there is a minor 
increase in peak flow for the application of HED discharge control and immediately 
downstream of node 36, where there is a minor increase in peak flow for the application 
of normal discharge control.
The time to peak flow at the catchment outlet has been increased by one minute and two 
minutes through the application of normal and HED discharge control to the sub­
catchments of this model.
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Sub-catchment Flows
The time to peak flow and the peak flow at critical nodes of the catchment models are 
illustrated on the following diagrams. These diagrams further illustrate that the 
application of OSD (through both normal and HED control) has not adversely affected 
downstream flows.
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s/c 1
s/c.
nodel
s/c 2
s/c 3
Existing 0.44m3/s , 30 min 
Normal Detention: 0.43m3/s, 30min 
HED: 0.43m3/s, 35min
s/c 4
Existing 1,09m3/s , 30 min 
N ormai Detention: 1,07m3/s, 34min 
HED: 1.06m3/s, 35min
outlet
Catch 5
s/c 1
s/c 2
s/c 3
s/c 4
Existing 0.51m3/s , 30 min 
N ormai Detention: 0.51m3/s, 30min 
HED: 0.50m3/s. 30min
s/c 6
s/c 7
s/c 8
s/c 9
s/c 10
s/c 1 1
Existing 1,25m3/s , 30 min 
Normal Detention: 1,24m3/s, 31 min 
HED: 1,23m3/s, 33min
outlet
Catch 12
Figure 10.8 -  Peak flows and time to peak flow for Catch5 and Catchl2
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nodeSL
stc 1
sfc 2
sfc 3
sfc 4
sfc 5
sfc 6
sfc 7
Existing 0.53m3/s, 30 min 
N ormai D etention: 0 J3m3/&, 30min 
HED: 0_54m3/s, 30min
sfc 9
sfc 10
sfc 11
sfc 12
sfc 13
sfc 14
sfc 15
sfc 16
sfc 17
sfc 18
sfc 19
sfc 20
Existing 132m 3/s, 30 min 
N ormai Detention: 1 32m3/s* 31 min 
HED: 131m3/s, 30min
outlet
Catch 21
Figure 10.9 -  Peak flow and time to peak flow for Catch21
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s ic  1
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s ic  3
s/c 4
s/c 5
s ic  6
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s/c 1
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s/c 1
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node2
node3
node4
node l6„
node17
nodel8
nodel9
node20 
node21
node5
node24
nodeó
node7
node8
Existing 0.56m3/s , 30 min 
Normal Detention: 0.56m3/s, 
30 min
HED: 0.55m3/s, 30min
node28
node29
node30
node 40
s/c 40
‘‘’Existing 1.38m3/s , 30 m in J 
Normal Detention: 1,38m3/s, 31 m in | j |o u t le t  
HED: 1.36m3/s, 32mm \n o d e38.
Catch 40 node39„ s/c 39
s/c 16 
s ic  17 
s/c 18 
s/c 19 
s ic  20 
s/c 21 
s/c 22 
s/c 23 
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s ic  27 
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s/c 34 
s/c 35 
s ic  36 
s/c 37 
s/c 38
Figure 10.10 -  Peak flows and time to peak flow for Catch40
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10.4 CONCLUSION
The aim of this chapter was to determine the effect of lumping of sub-catchments (series 
network) within a real catchment. The effect of lumping is best explained by the results
for peak flow at the catchment outlet.
Table 10.27 Comparison of Peak Flows at the Catchment Outlet
Catchment Existing
(m3/s)
Developed
(m3/s)
Normal OSD
(m3/s)
HED OSD
(m3/s)
Cat40 1.38 2.59 1.38 1.36
Cat21 1.32 2.55 1.32 1.31
Cat 12 1.26 2.50 1.24 1.23
Cat5 1.09 2.38 1.07 1.06
The modelling of the various catchment models indicates that lumping of the sub­
catchments within each of the models leads to consistent results. The volumes 
produced from each of the above models is similar for the same storms, as presented in 
Tables 10.4 and 10.6. The increase in peak flows for less lumping in the model is 
expected as this breakup results in shorter flow paths.
The modelling undertaken in this chapter also allows for an examination of the effect of 
the application of OSD to catchment flows, both at the catchment outlet and within the 
catchment itself. The results presented in this chapter indicate that the application of 
OSD, through either normal or high early discharge control, does not increase the 
flooding levels downstream of those catchments with detention storage applied as there 
is nil or minimal increase in peak flow at the catchment outlet.
The results also indicate that the use of HED can provide significant savings on the 
storage volume required that would otherwise be used under normal discharge control. 
This reduction results in volumes that generally range from 40% to 62% of that utilised
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in normal discharge control. The results are as expected from HED theory in terms of 
providing significant savings in storage volume to control peak storm flows.
OSD control has been found to be an effective form of limiting storage volume and still 
achieving the desired objectives of limiting peak runoff from a catchment.
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Chapter 11 -  Large Detention Basins
USE OF LARGE DETENTION BASINS AT THE CATCHMENT
OUTLET
11.1 INTRODUCTION
As a third analysis of the branched and series catchments presented in Chapters 9 and 
10 of this study, large (community) detention basins at the outlet to each catchment 
have been modelled. The catchments are sub-catchments of the Hospital Hill Catchment 
and have total areas of 6.15ha for the branched network and 3.15ha for the series 
network. This analysis has been undertaken in order to compare the effectiveness of 
OSD basins against detention basins applied to the two catchments as a whole.
The existing and maximum developed flows at the catchment outlets are as per the 
results presented within the preceding two chapters. The target peak flows at the 
catchment outlets are illustrated in Tables 11.1 and 11.2.
Table 11.1
Catchment
Cat58
Cat30
Catl9
Cat 12
Cat8
Branched Network target flows
5 yr storm 
90min (m7s)
2.92
2.81
2.71
2.53
2.36
Table 11.2
Catchment 
catch40 
catch21 
catch 12 
catch5
Series Network target flows
5 yr storm 
90min (m3/s)
1.38
1.32
1.25
1.09
In this chapter, it is again the peak flows resulting from the 100 year storm applied to 
the catchments for maximum developed conditions for which detention storage shall be
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applied in order to reduce these flows to the above target flows. In order to model for 
this, a large detention basin has been applied as an outlet structure at the final node of 
each of the catchment models. The size of the basin outlet is in all a 150mm diameter 
outlet, with the number of outlets varying to ensure that the maximum height of water 
approximates the depth of the basin.
11.2 BRANCHED NETWORK
The target flows for the peak flow at the catchment outlet are as per chapter 9.1, namely 
the 5 year 90 minute storm.
11.2.1 ONE LARGE BASIN (1m deep) at CATCHMENT OUTLET FOR 100yr 
STORM
In this section the total depth of the detention basin is set at lm. Section 11.2.2 analyses 
the results for a 3m deep basin.
Again, the 100 year 90 minute storm peak flow is required to be controlled to the peak 
flows for the 5 year 90 minute storm for 10% development conditions.
The peak flows and volumes produced for the 100 year storm at maximum development
conditions (80% impervious) are as follows:
Table 11.3 Developed peak flows and volume
Catchment Peak flow Volume
(m3/s) (m3)
Cat58 5.76 9130
Cat30 5.68 9150
Cat 19 5.61 9150
Cat 12 5.46 9150
Cat8 5.33 9150
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Using equation 1, the estimated storage volume required to be applied to each of the 
catchment models has been calculated. These are illustrated in Table 11.4.
Table 11.4 Estimated storage volumes from Equation 1
Catchment Storage
_________________ (m!)_______
Cat58 4501.6
Cat30 4623.3
Cat 19 4729.9
Cat 12 4910.2
Cat8 5098.6
The models developed previously were utilised by modifying them so that the 
catchment detention basin is located at the outlet of the network. Through applying the 
storage volumes as calculated from equation 1, the following results for peak flow and 
height of water in the basin were found. For this modelling, the maximum height of 
water for the basin is 1 .Om.
Table 11.5 Results for Estimated storage volumes
Catchment Number of Peak Flow at H max 
______________ outlets outlet (m3/s)_____ (m)
Cat58 61 2.368 0.708
Cat30 59 2.285 0.705
Cat 19 56 2.181 0.718
Cat 12 53 2.058 0.708
Cat8 48 1.887 0.720
Through an iterative process, the required storage to reduce the peak discharge at the
catchment outlet to the target flows and the maximum height of water in the basin were
calculated. The outlet size was maintained as 150mm in diameter with the number of
outlets varied to ensure the maximum height of water in the basin approximated lm.
These results are indicated in Table 11.6.
Table 11.6 Results for final storage volumes
Catchment Final Storage Number of Peak Flow at H max
(m3) outlets outlet (m3/s) (m)
Cat58 2555.0 61 2.92 0.984
Cat30 2688.0 59 2.81 0.976
Cat 19 2680.0 56 2.71 1.000
Cat 12 2890.0 53 2.53 0.980
Cat8 3010.0 48 2.36 0.993
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The storage volumes for the large detention basin are compared to the storage volumes 
for OSD in Table 11.7.
Table 11.7 Comparison of required storage volumes (m3)
Catchment Final Normal OSD HED OSD 
__________ Storage Storage* Storage**
Cat58 2555.0 3770.9 1961.7
Cat30 2688.0 3553.4 1921.6
Cat 19 2680.0 3242.0 1883.4
Cat 12 2890.0 3077.0 1963.8
Cat8 3010.0 3039.0 2114.0
* Results from Chapter 9, Table 9.18
** Results from Chapter 9, Table 9.25
These results indicate that the application of a large detention basin requires storage 
volumes less than that required for normal OSD storage, but more than for HED OSD 
storage.
As well as comparing the storage required, it is also relevant to compare the peak flows 
and peak flow times at the catchment outlet. This is provided in Table 11.8.
Table 11.8 Comparison of peak flows and peak times
Large Basin OSD normal control OSD HED control
Catchment Peak flow Time Peak flow Time Peak flow Time
(m3/s) (min) (m3/s) (min) (m3/s) (min)
Cat58 2.92 32 2.91 31 2.85 31
Cat30 2.81 33 2.78 31 2.73 30
Cat 19 2.71 33 2.67 31 2.66 30
Cat 12 2.53 35 2.47 33 2.45 35
Cat8 2.36 36 2.29 35 2.29 36
Table 11.9 Comparison of outlets for detention
Catchment Large basin number of outlets OSD number of outlets
Cat58 61 75
Cat30 59 68
Cat 19 56 61
Cat 12 53 53
Cat8 48 47
Each of the three detention methods applied reduces the peak flow to the target or 
slightly below. The large detention basin also changes the time of peak flow to similar 
amounts as found for the application of OSD.
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As can be seen from the results presented in Table 11.6. the application of a large 
detention basin can provide a more efficient use of storage volume, with approximately 
99% of the provided storage utilised in this model. This is due to the basin being sized 
for the entire catchment, rather than each of the individual sub-catchments as was 
undertaken in Chapter 9. As there is a larger peak flow that is being targeted compared 
to the individual sub-catchments, the sizing of the basin can be undertaken to ensure 
that the outflow of the basin is as close as possible to the target flow. For the 
application of OSD, the number of outlets needs to be managed to ensure the target flow 
is achieved and that the basin does not overtop. The comparison of outlets required for 
detention, as detailed in Table 11.9, clearly indicates that the additional number of 
outlets for OSD results in a different storage volume to attain the desired reduction in 
peak flow. The application of HED discharge control results in the peak flow being 
achieved earlier for less storage than either normal OSD or the application of a large 
detention basin.
11.2.2 ONE LARGE BASIN (3m deep) at CATCHMENT OUTLET FOR 
lOOyr STORM
A further comparison has been undertaken for a deeper detention basin. The results for 
this sized basin w7ere again determined through an iterative process. These results are 
indicated in Table 11.10.
Table 11.10 Results for final storage volumes
Catchment Final Storage Number of Peak Flow at H max 
______________ (m3)________ outlets outlet (nT/s) (m)
Cat58 2594.0 31 2.92 2.884
Cat30 2708.0 30 2.81 2.859
Catl9 2655.0 28 2.71 3.000
Cat 12 2945.0 27 2.53 2.861
Cat8 3075.0 25 2.36 2.894
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The storage volumes for the large detention basin (3m deep) are compared to the storage 
volumes for the large detention basin (lm  deep) in Table 11.1.
Table 11.11 Comparison of required storage volumes (m )
Catchment Final Storage Final Storage 
____________ (3m deep) (lm  deep)
Cat58 2594.0 2555.0
Cat30 2708.0 2688.0
Cat19 2655.0 2680.0
Cat12 2945.0 2890.0
Cat8 3075.0 3010.0
These results indicate that the application of a large detention basin requires storage 
volumes similar to that required for the lm  deep large detention basin. This similarity 
in storage volume can be explained through examining the number of outlets. This is 
provided in the following table.
Table 11.12 Comparison of outlets for detention
Catchment Large basin number of outlets Large basin number of
____________(3m deep)___________________ outlets (3m deep)________
Cat58 31 61
Cat30 30 59
Cat 19 28 56
Cat 12 27 53
Cat8 25 48
The larger depth basin requires approximately half the number of outlets as a basin lm 
in depth in order to achieve the target outflow from the basin. This is due to the H-S-Q 
relationship and the requirement to meet the target flow. This results in the deeper 
basin requiring less outlets for a similar storage volume and target flow.
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11.3 SERIES NETWORK
The target flows for the peak flow at the catchment outlet are as per chapter 10.1, 
namely the 5 year storm 90minute.
11.3.1 ONE LARGE BASIN (1m deep) at CATCHMENT OUTLET for
100year STORM
In this section the total depth of the detention basin is set at lm. Section 11.3.2 analyses 
the results for a 3m deep basin for the series network catchment.
Again, the lOOyear 90 minute storm peak flow is required to be controlled to the peak
flows for the 5 year 90 minute storm for 10% development conditions.
The peak flows and volumes produced for the 100 year storm at maximum development 
conditions (80% impervious) are as indicates in Table 11.13.
Table 11.13 Developed peak flows and volume
Catchment Peak Flow 
(m3/s)
Volume
(m3)
Cat40 2.59 3980
Cat21 2.55 3990
Cat 12 2.50 3990
Cat5 2.38 4000
Using equation 1, the estimated storage volume required to be applied to each of the 
catchment models has been calculated. These are illustrated in Table 11.14.
Table 11.14 Estimated storage volumes from Equation 1
Catchment Storage
___________________ (m3)
Cat40 1859.4
Cat21 1924.6
Cat 12 1995.0
Cat5 2168.1
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The models developed previously were utilised by modifying them so that the 
catchment detention basin is located at the outlet of the network. Through applying the 
storage volumes as calculated from equation 1, the results presented in Table 11.15 for 
peak flow and height of water in the basin were found.
Table 11.15 Results for Estimated storage volumes
Catchment Number of Peak Flow at H max 
_________ outlets outlet (m3/s)_____(m)
Cat40 29 1.131 0.713
Cat21 28 1.085 0.706
Catl2 26 1.013 0.712
Cat5 23 0.891 0.705
Through an iterative process, the required storage to reduce the peak discharge at the 
catchment outlet to the target flows and the maximum height of water in the basin were 
calculated. These results are indicated in Table 11.16.
Table 11.16 Results for final storage volumes
Catchment Final Storage 
(m3)
Number of 
outlets
Peak Flow at 
outlet (m3/s)
H max 
(m)
Cat40 1060.0 29 1.38 0.975
Cat21 1120.0 28 1.32 0.962
Cat 19 1138.0 26 1.25 0.990
Cat5 1295.0 23 1.09 0.999
The storage volumes for the large detention basin are compared to the storage volumes
for OSD in the Table 11.17.
Table 11.17 Comparison of required storage volumes (m3)
Catchment Final Normal OSD HED OSD
Storage Storage* Storage**
Cat40 1060.0 1795.2 724.9
Cat21 1120.0 1984.0 795.5
Cat 12 1138.0 1503.7 796.5
Cat5 1295.0 1360.0 848.0
* Results from Chapter 10, Table 10.16 
** Results from Chapter 10. Table 10.22
These results indicate that the application of a large detention basin requires storage 
volumes less than that required for normal OSD storage, but more than for HED OSD
storage.
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As well as comparing the storage required, it is also relevant to compare the peak flows 
and peak flow times at the catchment outlet. This is provided in Table 11.18.
Table 11.18 Comparison of peak flows and peak times
Large Basin OSD normal control OSD HED control
Catchment Peak flow Time Peak flow Time Peak flow Time
(m3/s) (min) (m3/s) (min) (m3/s) (min)
Cat40 1.38 32 1.38 31 1.36 32
Cat21 1.32 32 1.32 31 1.31 30
Cat 12 1.25 'y *y 1.24 31 1.23 33
Cat5 1.09 35 1.07 34 1.06 35
Table 11.19 Comparison of outlets for detention
Catchment Large basin number of outlets OSD number of outlets
Cat40 29 38
Cat21 28 38
Cat 12 26 30
Cat5 23 23
Each of the three detention methods applied reduces the peak flow to the target or 
slightly below. The large detention basin also changes the time of peak flow to similar 
amounts as found for the application of OSD.
As can be seen from the results presented in Table 11.17, the application of a large 
detention basin can provide a more efficient use of storage volume, with approximately 
99% of the provided storage utilised in this model. This is due to the basin being sized 
for the entire catchment, rather than each of the individual sub-catchments as was 
undertaken in Chapter 10. As there is a larger peak flow that is being targeted 
compared to the individual sub-catchments, the sizing of the basin can be undertaken to 
ensure that the outflow o f the basin is as close as possible to the target flow. For the 
application of OSD, the number of outlets needs to be managed to ensure the target flow 
is achieved and that the basin does not overtop. The comparison of outlets required for 
detention, as detailed in Table 11.19, clearly indicates that the additional number of 
outlets for OSD results in a different storage volume to attain the desired reduction in
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peak flow. The application of HED discharge control results in the peak flow being 
achieved earlier for less storage than either normal OSD or the application of a large 
detention basin.
11.3.2 ONE LARGE BASIN (3m deep) at CATCHMENT OUTLET for 
100year STORM
A further comparison has been undertaken for a deeper detention basin. The results for 
this sized basin were again determined through an iterative process. These results 
are indicated in Table 11.20.
Table 11.20 Results for final storage volumes
Catchment Final Storage 
(m3)
Number of 
outlets
Peak Flow at 
outlet (m3/s)
H max 
(m)
Cat40 1105.0 15 1.38 2.781
Cat21 1110.2 14 1.32 2.887
Cat 19 1125.0 13 1.25 2.978
Cat5 1370.0 12 1.09 2.725
The storage volumes for the large detention basin are compared to the storage volumes 
for OSD in Table 11.21.
Table 11.21 Comparison of required storage volumes (m3)
Catchment Final Storage Final Storage
______________(3m)_________(lm)
Cat40 1105.0 1060.0
Cat21 1110.2 1120.0
Cat12 1125.0 1138.0
Cat5 1370.0 1295.0
These results indicate that the application of a large detention basin requires storage 
volumes similar to that required for the lm deep large detention basin. This similarity 
in storage volume can be explained through examining the number of outlets. This is 
provided in Table 11.22.
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Table 11.22 Comparison of outlets for detention
Catchment Large basin number of Large basin number
outlets (3 m) outlets (lm)
Cat40 15 29
Cat21 14 28
Cat 12 13 26
Cat5 12 23
The larger depth basin requires approximately half the number of outlets as a basin lm 
in depth in order to achieve the target outflow from the basin. This is due to the H-S-Q 
relationship and the requirement to meet the target flow. This results in the deeper 
basin requiring less outlets for a similar storage volume and target flow.
11.4 DISCUSSION OF RESULTS
The results arising from the WBNM model indicate that, for a large detention basin 
provided at the catchment outlet, less storage is required to reduce peak flows to the 
target flow when compared to the storage required for OSD basins with normal 
discharge control.
As can be seen from the results presented in this chapter, the application of a large 
detention basin can provide a more efficient use of storage volume, with approximately 
99% of the provided storage utilised in this model. This is due to the basin being sized 
for the entire catchment, rather than each of the individual sub-catchments as is required 
for the application of OSD. The comparison of outlets required for detention clearly 
indicates that the additional number of outlets for OSD results in a different storage 
volume to attain the desired reduction in peak flow.
When comparing the storage for the large basin to HED discharge control, more storage 
is required. This is due to the characteristics of HED which ensure a low storage 
volume is required by achieving the desired peak flow as early as possible.
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A comparison of peak flows for the large detention basin compared to OSD indicates 
that similar peak flows and time to peak flow result from the application of detention 
through either a large basin or OSD basin.
Some other important points to consider, and which are not evident in the preceding 
results, when comparing large detention basins with OSD are:
• The large basins do not control stormwater flows from other sub-catchments 
within a catchment, whereas OSD controls each of the sub-catchments to which it is 
applied, and
• The results in Chapters 9 and 10 indicate that OSD can provide some assurance 
that there will be no (or minimal) increase in flooding downstream of catchments to 
which it is applied.
11.5 CONCLUSION
The aim of this chapter is “to compare the effectiveness of OSD basins against 
detention basins applied to the catchment as a whole”.
The results indicate that the application of detention can be adequately applied through 
the use of either large detention basins or OSD. The results also indicate that less 
storage and fewer outlets are required in general for large basins when compared to 
OSD.
In applying detention, OSD has the advantage over large basins of controlling flows 
within a catchments sub-catchments rather than at the catchment outlet only. This is an 
important consideration in determining the method of detention that is to be applied to a
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catchment. The use of OSD can mitigate flooding levels within the sub-catchments 
whereas a large basin will only serve to reduce flood levels downstream from the 
catchment. Where flooding within a catchment is required to be addressed, the 
application of OSD would be preferred over a large basin.
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FAIRY CREEK CATCHMENT AND OSD
12.1 INTRODUCTION
As explained in Chapter 1 of this study, chapters 12, 13 and 14 investigates the last 
point of the aim of the study, presented in section 1.3:
‘Application of OSD to real catchments’.
This investigation includes the study of the:
• Impact of OSD on downstream catchments, and
• A comparison of normal discharge control versus high early discharge control.
Fairy Creek catchment was modelled with 35 sub-catchments. Section 6.1 of this study 
describes the Fairy Creek catchment.
Each sub-catchment drains to a node with the drainage network based on the natural and 
constructed drainage lines in the catchment. Each of the sub-catchments includes 
sections of impervious and pervious area that are lumped together to form the sub­
catchment. For the simple reason of catchment and sub-catchment size, the network 
was modelled in a different fashion to that of chapters 9 and 10, where the house lot 
drainage was modelled to enter the street drainage at the end of each lot. In Chapter 12 
through to 14, the house and street drainage is combined within the sub-catchment 
rather than at the sub-catchment node.
Data and methods generated in Chapters 6, 7 and 8 have been adopted for this more 
detailed and larger catchment model.
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As for the one sub-catchment analysis presented previously, the Fairy Creek catchment 
was first modelled for existing (or 10% impervious) conditions, then for maximum 
developed (or 80% impervious) conditions and then with OSD applied.
In order to ascertain the effects of OSD on real catchments, the Fairy Creek catchment 
was modelled for both normal and high early discharge control. This involved using a 
150mm outlet and the same procedure for calculating and applying storage as per 
chapters 7 and 8.
In order to calculate the existing and maximum developed conditions peak flows, the 5 
year ARI and the 100 year ARI storms were modelled for the following storm 
durations:
• 15 minutes,
• 30 minutes,
• 60 minutes,
• 90 minutes,
• 120 minutes, and
• 180 minutes.
The results are provided below, followed by a discussion.
The catchment layout and connectivity of sub-catchments are as indicated on the 
following figure.
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Figure 12.1 Fair}' Creek Catchment
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12.2.1 EXISTING CONDITIONS
The peak flows at the catchment outlet for each of the modelled storms, are tabulated 
below. The existing development conditions results are for the 5 year storm.
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The total catchment area was 760.3ha and the percent of impervious area was 15.5%.
Table 12.1 Peak Flows for Existing Conditions
Catchment 15min 30min 60min 90min 120min 180min
___________(m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
Cat35 40.51 70 99.02 103.41 108.32 98.01
The above results in Table 12.1 indicate that the peak flow for the catchment occurs for
the 120 minute storm for existing development conditions. The volume at the outlet of
the catchment is tabulated below.
Table 12.2 Volume at Catchment Outlet
Catchment Volume
___________ (m!)__
Cat35 613,170
12.2.2 MAXIMUM DEVELOPED CONDITIONS
The peak flows, at the catchment outlet, for each of the modelled storms are tabulated
below. The maximum developed conditions results are for the 100 year storm. For the
maximum developed conditions, the percent of impervious area was 57.47%.
Table 12.3 Peak flows for Maximum Developed Conditions for lOOyr storm 
Catchment 15min 30min 60min 90min 120min 180min
___________(m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
Cat58 154.13 225.46 286.47 295.94 308.74 261.98
These results are consistent with those for existing (10%) conditions. The above results
indicate that the critical storm is the 120 minute storm for the catchment under
maximum developed conditions.
The volume at the catchment outlet is tabulated below.
Table 12.4 Volume at Catchment Outlet
Catchment Volume (m3) 
Cat35 1,277,260
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12.2.3 APPLICATION OF ON-SITE DETENTION
For the initial estimate of required storage for OSD, equation (1) is applied, providing 
the following results for required storage for each of the sub-catchments in the 
catchment.
As the model for the catchment provides a value for each of the sub-catchments for 
flows Q and I (ie at existing conditions and maximum developed conditions) and a 
volume, V, then the estimated storage for each of the sub-catchments can be calculated 
as per equation 1. The estimated values used for initial storage volume for each sub­
catchment for the model are tabulated below. These values are a result of calculations 
using equation (1) presented in previous chapters.
The aim of applying the detention storage to each sub-catchment is to reduce each of the 
maximum developed peak flows, I, to the existing peak flows, Q.
Table 12.5 Estimated detention storage
Catchment Area (ha) Q (m3/s) I (m3/s) V (m3) s (m3)
SUBAREA1 32.9 5.380 13.505 53401 32127.6
SUBAREA2 19.6 4.731 12.247 32985 20242.9
SUBAREA3 13.8 3.403 8.739 23154 14137.7
SUBAREA4 34.7 7.469 20.593 58412 37226.2
SUBAREA5 8.3 2.340 5.283 13821 7699.3
SUBAREA6 19.4 4.458 11.987 32580 20463.4
SUBAREA7 6.7 1.955 4.335 11154 6123.8
SUBAREA8 20.3 4.621 12.795 34236 21871.4
SUBAREA9 9.3 2.572 6.006 15565 8899.5
SUBAREA10 9.9 2.709 6.485 16641 9689.5
SUBAREA11 30.0 6.651 17.799 50391 31561.3
SUBAREA12 42.1 9.248 27.314 72376 47870.9
SUBAREA13 31.9 7.385 21.059 54878 35633.3
SUBAREA14 34.2 5.527 14.063 55551 33718.5
SUBAREA15 56.7 11.006 31.625 95347 62164.7
SUBAREA16 16.3 4.075 10.411 27468 16716.7
SUBAREA17 33.0 7.177 20.130 55744 35869.5
SUBAREA18 1.8 0.621 1.388 3021 1669.4
SUBAREA19 3.3 1.017 2.399 5536 3189.1
SUBAREA20 1.3 0.440 0.943 2131 1136.7
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Catchment Area (hal 5
COEO I (m3/s)
COE> S (m3)
SUBAREA21 28.4 6.367 17.100 47769 29982.7
SUBAREA22 8.7 2.433 5.746 14623 8431.3
SUBAREA23 47.7 8.965 26.660 80032 53119.5
SUBAREA24 16.6 3.941 10.313 27835 17198.2
SUBAREA25 33.2 5.973 16.752 54801 35261.5
SUBAREA26 21.5 5.097 13.276 36159 22276.6
SUBAREA27 39.5 6.137 17.072 64531 41333.6
SUBAREA28 15.6 3.752 9.627 26102 15929.1
SUBAREA29 34.0 6.907 19.405 56915 36656.7
SUBAREA30 20.0 4.318 13.193 34064 22915.0
SUBAREA31 4.8 1.408 3.579 8208 4978.9
SUBAREA32 18.3 4.124 12.135 31167 20575.1
SUBAREA33 21.4 5.078 13.219 35991 22165.3
SUBAREA34 18.5 4.939 12.260 31508 18814.9
SUBAREA35 6.6 1.742 3.918 10799 5997.6
12.2.3.1 Reduction of 100yr to 5yr flows: Normal Discharge Control
The values for detention storage calculated in Table 12.5 were found to result in the 
target peak flow from each of the sub-catchments not being achieved. In most cases, 
the peak flow from the sub-catchments was not reduced to the target flow, Q, although 
in some cases this reduction was below Q. For the above storage volumes, the peak 
flow at the catchment outlet was 131.0m /s.
For the catchment model a trial and error process to determine the final storage 
requirement, S, was undertaken to ensure that the target flow, Q, for each sub-catchment 
was achieved.
The final H-S relationship and resulting peak flows, height of water in each basin and 
time for peak flow are illustrated in Table 12.6.
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Table 12.6 Results for OSD -  normal discharge control
H-S Relationship
Catchment 0.2 0.4 0.6 0.8 1.0 Q out 
(m3/s)
H max 
(m)
T
(min)
SUBAREA1 4.334 8.668 13.002 17.336 21.670 5.380 0.989 92
SUBAREA2 2.491 4.982 7.473 9.964 12.455 4.731 0.997 95
SUBAREA3 1.738 3.476 5.214 6.952 8.690 3.403 0.986 81
SUBAREA4 4.744 9.488 14.232 18.976 23.720 7.469 0.994 82
SUBAREA5 0.901 1.802 2.703 3.604 4.505 2.340 0.980 81
SUBAREA6 2.582 5.164 7.746 10.328 12.910 4.458 0.986 82
SUBAREA7 0.722 1.444 2.166 2.888 3.610 1.955 0.978 82
SUBAREA8 2.786 5.572 8.358 11.144 13.93 4.621 0.993 83
SUBAREA9 1.064 2.128 3.192 4.256 5.320 2.572 0.977 84
SUBAREA10 1.149 2.298 3.447 4.596 5.745 2.709 1.000 53
SUBAREA11 3.962 7.924 11.886 15.848 19.810 6.651 0.994 68
SUBAREA12 6.468 12.936 19.404 25.872 32.340 9.248 0.993 68
SUBAREA13 4.716 9.432 14.148 18.864 23.580 7.385 0.997 70
SUBAREA14 4.546 9.092 13.638 18.184 22.730 5.527 0.990 93
SUBAREA15 8.030 16.060 24.090 32.120 40.150 11.006 0.997 91
SUBAREA16 2.059 4.118 6.177 8.236 10.295 4.075 0.986 89
SUBAREA17 4.625 9.250 13.875 18.500 23.125 7.177 0.993 69
SUBAREA18 0.195 0.391 0.587 0.782 0.978 0.621 0.982 89
SUBAREA19 0.372 0.744 1.116 1.488 1.860 1.017 1.000 88
SUBAREA20 0.126 0.252 0.378 0.504 0.630 0.440 1.000 86
SUBAREA21 3.767 7.534 11.301 15.068 18.835 6.367 0.996 86
SUBAREA22 1.023 2.046 3.069 4.092 5.115 2.433 0.979 84
SUBAREA23 6.956 13.912 20.868 27.824 34.780 8.965 0.995 86
SUBAREA24 2.130 4.260 6.390 8.520 10.650 3.941 0.990 89
SUBAREA25 4.570 9.140 13.710 18.280 22.850 5.973 0.994 86
SUBAREA26 2.768 5.536 8.304 11.072 13.840 5.097 0.991 80
SUBAREA27 5.522 11.044 16.566 22.088 27.610 6.137 0.998 93
SUBAREA28 1.949 3.898 5.847 7.796 9.745 3.752 0.991 86
SUBAREA29 4.646 9.292 13.938 18.584 23.230 6.907 0.998 86
SUBAREA30 3.068 6.136 9.204 12.272 15.340 4.318 0.987 68
SUBAREA31 0.635 1.270 1.905 2.540 3.175 1.408 0.954 84
SUBAREA32 2.718 5.436 8.154 10.872 13.590 4.124 0.987 83
SUBAREA33 2.730 5.460 8.190 10.920 13.650 5.078 1.000 89
SUBAREA34 2.339 4.678 7.017 9.356 11.695 4.939 0.987 55
SUBAREA35 0.709 1.418 2.127 2.836 3.545 1.742 0.959 89
Using the above, the outflow at the catchment outlet is 155.2m3/s which is greater than
the target of 108.3m3/s. However, the value for Q out from each sub-catchment is
equivalent to the peak flow, Q, from the sub-catchments for existing developed
conditions and the 5 year storm.
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The application of OSD has resulted in the peak flow from each of the sub-catchments 
being reduced to the target (designed) flow. However, at the catchment outlet the flow 
has not been reduced to the 5 year flow, although there is a substantial reduction in flow 
from the catchment when compared to the 100 year flow for maximum developed 
conditions.
12.2.3.2 Summary of Results: 100 yr flows by normal discharge 
control
Table 12.7 summarises the peak discharges resulting from the application of OSD with
normal discharge control.
Table 12.7 Peak Discharges 
Catchment 120min Target
___________ (m3/s) (m3/s)
Cat35 155.15 108.32
As stated in Section 12.2, the PSD for each sub-catchment was maintained at the 
allowable limit in order to achieve the above peak discharges from the catchment.
These results for peak flow are greater than the target flows. This is due to the change 
in time for the peak flow from each of the sub-catchments. This is further discussed in 
Section 9.3.
The final total storage volume and the storage volume initially calculated (using 
equation 1) for each catchment to reduce the maximum developed catchment back to 
the peak flow at the catchment outlet for existing conditions are indicated in Table 12.8.
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Table 12.8 Initial and final storage volumes 
Catchment Equation 1 Final Storage 
Estimated used in model
_____________Storage (m3)_________(m3)______
Cat35 803,647.2 515,703
A comparison of time for peak flows to reach the outlet and also downstream nodes is 
an important consideration in determining if OSD has any detrimental effects on a 
catchment. This is discussed in section 12.3 of this chapter.
12.2.3.3 Reduction of 100 year to 5 year flows: High Early Discharge
Control
In this section the catchment models have high early discharge (HED) control applied to 
the OSD basins. As stated in Chapter 8, HED is a method that increases the rate of 
discharge from a detention basin such that the PSD is reached early in the storm and this 
rate of discharge is maintained for as long as is possible.
In order to undertake the modelling for HED, the storage volume at the 0.8m level was 
set at 90% of the basin volume. A volume was then applied for the basin and through 
trial and error, a suitable storage volume that supplied both the discharge required and 
that prevented the height of the basin from being exceeded was determined.
The final HED volumes and resulting peak flows, height of water in basins and time for
peak flow are presented in the Table 12.9.
Table 12.9 Results for OSD -  HED discharge control
Catchment 0.8 1.0 Outlets Q out 
(m3/s)
H max 
(m)
% of T 
normal S (min)
SUBAREA1 15.648 17.387 112 5.380 0.833 80% 92
SUBAREA2 8.403 9.337 98 4.731 0.799 75% 94
SUBAREA3 5.767 6.408 71 3.403 0.796 74% 69
SUBAREA4 16.441 18.268 155 7.469 0.805 77% 72
SUBAREA5 2.830 3.144 49 2.340 0.788 70% 72
Page 12.9
Chapter 12 -  Fairy Creek Catchment and OSD
Catchment 0.8 1.0 Outlets Q out 
(m3/s)
H max 
(m)
% of 
normal S
T
(min)
SUBAREA6 8.761 9.734 93 4.458 0.797 75% 74
SUBAREA7 2.245 2.494 41 1.955 0.783 69% 75
SUBAREA8 9.554 10.616 96 4.621 0.800 76% 77
SUBAREA9 3.350 3.722 54 2.572 0.787 70% 79
SUBAREA10 3.717 4.130 56 2.709 0.795 72% 53
SUBAREA11 13.623 15.137 138 6.651 0.801 76% 68
SUBAREA12 22.657 25.174 192 9.248 0.809 78% 68
SUBAREA13 16.304 18.115 153 7.385 0.806 77% 70
SUBAREA14 16.461 18.290 115 5.527 0.835 80% 93
SUBAREA15 28.445 31.605 228 11.006 0.831 79% 86
SUBAREA16 6.786 7.540 85 4.075 0.796 73% 88
SUBAREA17 16.030 17.811 149 7.177 0.803 77% 69
SUBAREA18 0.588 0.653 13 0.621 0.774 67% 88
SUBAREA19 1.175 1.306 21 1.017 0.785 70% 89
SUBAREA20 0.401 0.445 9 0.440 0.788 71% 76
SUBAREA21 12.954 14.393 132 6.367 0.802 76% 79
SUBAREA22 3.222 3.580 51 2.433 0.785 70% 80
SUBAREA23 24.824 27.582 186 8.965 0.831 79% 82
SUBAREA24 7.187 7.986 82 3.941 0.798 75% 83
SUBAREA25 16.389 18.210 124 5.973 0.830 80% 86
SUBAREA26 9.338 10.375 106 5.097 0.798 75% 81
SUBAREA27 20.313 22.570 127 6.137 0.849 82% 93
SUBAREA28 6.554 7.282 78 3.752 0.798 75% 95
SUBAREA29 16.326 18.140 143 6.907 0.824 78% 84
SUBAREA30 10.719 11.910 90 4318 0.804 78% 68
SUBAREA31 1.928 2.142 30 1.408 0.772 67% 83
SUBAREA32 9.351 10.390 86 4.124 0.799 76% 75
SUBAREA33 9.280 10.311 105 5.078 0.801 76% 84
SUBAREA34 7.529 8.365 103 4.939 0.792 72% 55
SUBAREA35 2.252 2.502 37 1.742 0.788 71% 85
The outflow at the catchment outlet is 152.5m3/s, which is greater than the target of 
108.3m3/s.
The application of OSD has resulted in the peak flow from each of the sub-catchments 
being reduced to the target (designed) flow. However, at the catchment outlet the flow 
has not been reduced to the 5 year flow, although there is a substantial reduction in flow 
for the catchment when compared to the lOOyr flow that has had OSD applied.
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12.2.3.4 Summary of Results: 100 yr flows for HED
Table 12.10 summarises the peak discharges resulting from the application of OSD with
HED discharge control.
Table 12.10 Peak discharges 
Catchment 120min Target
___________(m3/s) (m3/s)
Cat35 152.54 108.32
As stated in Section 12.2, the PSD for each sub-catchment was maintained at the 
allowable limit (the target flow — derived from the flow for existing conditions) in order 
to achieve the above peak discharges from the catchment.
These results for peak flow are greater than the target flows. This is due to the change 
in time for the peak flow from each of the sub-catchments as the peak flow from each of 
the sub-catchments was maintained at the same peak as the existing developed 
conditions. This is further discussed in Section 12.3.
The required total storage for HED control for the catchment and required for normal 
discharge control to reduce the maximum developed catchment back to the peak flow at 
the catchment outlet for existing conditions are presented in Table 12.11.
Table 12.11 Initial and final storage volumes
Catchment Storage used Storage HED storage volume as 
for normal used for percentage of normal
discharge HED control discharge control volume
____________ control (m3)______ (m3)_____________________________
Cat35 515,703 397,054 77
These results for S indicate that the storage required for HED discharge control is
significantly less than that required for normal discharge control. This finding agrees
with the findings in chapters 7 and 8.
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A comparison of time for peak flows to reach the outlet and also downstream nodes is 
an important consideration in determining if OSD has any detrimental effects on a 
catchment. This is discussed in section 12.3 of this chapter.
12.3 DISCUSSION
The original flows from each node for existing and developed conditions is compared
with the flows due to OSD in the following tables. The time for peak discharge at each
of the nodes is also presented.
Table 12.12 Time for Peak discharge
Existing Developed Normal Detention HED Detention
Node Peak Time Peak Time Peak Time Peak Time
Flow Flow Flow Flow
(m3/s) (min) (m3/s) (min) (m3/s) (min) (m3/s) (min)
1 5.38 40 13.51 40 5.38 92 5.38 92
2 8.95 45 23.83 40 9.75 95 9.39 94
3 11.44 45 30.35 41 12.94 81 12.63 69
4 16.11 47 45.21 41 20.25 82 19.96 72
5 17.51 48 48.87 43 22.34 81 22.00 72
6 20.27 51 56.52 44 26.63 82 26.26 74
7 21.28 52 59.18 45 28.33 82 27.94 75
8 24.00 56 66.13 46 32.75 83 32.27 77
9 25.31 58 69.15 47 35.03 84 34.49 79
10 2.71 40 6.49 40 2.71 53 2.71 53
11 8.59 40 23.32 40 9.31 68 9.28 68
12 9.25 40 27.31 40 9.25 68 9.25 68
13 14.64 41 45.65 40 16.53 70 16.41 70
14 5.53 45 14.06 40 5.53 93 5.53 93
15 12.69 40 38.26 40 15.84 91 15.75 86
16 15.45 45 45.68 41 19.48 89 19.25 88
17 7.18 40 20.13 40 7.18 69 7.18 69
18 15.87 45 46.59 41 19.90 89 19.74 88
19 16.58 45 48.08 42 20.68 88 20.56 89
20 23.17 44 67.47 41 27.97 86 27.81 76
21 26.89 47 77.85 43 34.05 86 33.81 79
22 26.53 60 71.77 48 37.16 84 36.58 80
23 38.29 64 103.9 47 54.98 86 54.29 82
24 27.64 54 79.38 47 37.59 89 37.18 83
25 5.97 40 16.75 40 5.97 86 5.97 86
26 9.75 42 28.13 40 10.83 80 10.49 81
27 6.14 45 17.07 40 6.14 93 6.14 93
28 9.00 45 24.97 40 9.58 86 9.33 95
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Node
Existing 
Peak Time 
Flow
(m3/s) (min)
Developed 
Peak Time 
Flow
(m3/s) (min)
Normal Detention 
Peak Time 
Flow
(m3/s) (min)
HED Detention 
Peak Time 
Flow
(m3/s) (min)
29 13.70 46 39.75 40 16.35 86 15.82 84
30 4.32 40 13.19 40 4.32 68 4.32 68
31 24.28 46 69.84 41 28.34 84 27.51 83
32 30.67 47 89.56 42 36.51 83 35.60 75
33 77.88 65 219.74 49 112.96 89 111.42 84
34 4.94 40 12.26 40 4.94 55 4.94 55
35 108.32 64 308.74 48 155.15 89 152.54 85
Table 12.12 and Figure 12.2 clearly indicate that the application of OSD, through both 
normal and HED discharge control, changes the timing for peak flow from each of the 
sub-catchments. The results in the tables of this chapter clearly show that the target 
peak flow from each of the sub-catchments is achieved. The timing of these peak flows, 
however, results in changes to the size of the peak flow at each of the nodes within the 
catchment. This is illustrated in Figure 12.3 which illustrates the effect of the 
application of OSD, through both normal and HED discharge control, to the peak flows 
at each of the nodes within the catchment. This clearly indicates that the application of 
OSD results in a significant reduction in peak flows within the catchment drainage 
network, but that this reduction does not reach the target of the 5 year storm for existing 
development conditions.
The time to peak flow at the catchment outlet has been increased by twenty five minutes 
through the application of normal discharge control and increased by twenty one 
minutes through the application of HED discharge control to the sub-catchments of this 
model.
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Sub-catchment Flows
The time to peak flow and the peak flow at critical nodes of the catchment model is 
illustrated on Figure 12.4, as a catchment layout with peak flows and times at critical 
locations within the catchment. This diagram further illustrates that the application of 
OSD (through both normal and HED control) has resulted in downstream flows being 
reduced from those resulting from the maximum developed conditions. However, even 
though the flows from each sub-catchment are reduced to the target flow of existing 
conditions, downstream flows are not reduced completely down to the 5 year peak 
target flows recorded for existing conditions. It should be noted that the downstream 
flows are less than those recorded for maximum developed conditions.
Page 12.14
Chapter 12 -  Fairy Creek Catchment and OSD
Figure 12.2 Catchment Peak Flow Times
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Figure 12.3 Catchment Peak Flows
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nodel
s/c 1
s/c 2
s/c 3
s/c 4
s/c 5
s/c 6
s/c 7
s/c 8
s/c 9
s/c 22
s/c 23
s/c 33
Existing: 7?.88m*/5, 65min 
Normal Detention: 112.96m?/s, 89 min 
HED: 111.42™%, 84min
s/c 35
node27
node25
s/c 25
node34
outlet
Figure 12.4 Fairy Creek Catchment
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12.4 CONCLUSION
The aim of this chapter was to determine the effect of OSD on a real catchment. The 
modelling undertaken in this chapter also allows for an examination of the effect of the 
application of OSD to catchment flows, both at the catchment outlet and within the 
catchment itself. The results presented in this chapter indicate that the application of 
OSD, through either normal or high early discharge control, does not increase the 
flooding levels or peak flows from a sub-catchment and, in fact, reduces them 
significantly. The peak flows downstream of the sub-catchments with detention storage 
applied, however, do not reduce completely down to the target peak flow of the 5 year 
storm for existing conditions. The peak flows at the catchment outlet are summarised in 
Table 12.13.
Table 12.13 Peak Flows at Catchment Outlet
Catchment Existing Developed Normal OSD HED OSD
ARI 5yr ARI lOOyr ARI lOOyr ARI lOOyr
_____________(m3/s) (m3/s)_____ (m3/s)________(m3/s)
Cat35 108.32 308.74 155.15 152.54
The results indicate that the developed peak flow at the catchment outlet has been
reduced from 308.7m3/s to 155.2m3/s due to the application of OSD with normal
discharge control. This represents a reduction of approximately 50% in the peak flow
rate at the catchment outlet.
The application of OSD results in changes to the time of peak flow at each sub­
catchment outlet, as is expected for flows being detained.
The results also indicate that the use of HED can provide significant savings on the 
storage volume required that would otherwise be used under normal discharge control. 
This reduction results in volumes that generally range from 67% to 82% of that utilised
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in normal discharge control. The results are as expected from HED theory in terms of 
providing significant savings in storage volume to control peak storm flows.
OSD control has been found to be an effective form of limiting storage volume and 
achieves the desired objectives of limiting peak runoff from a catchment. However, the 
reduction does not meet the specified target peak flows, as illustrated in Figures 12.3 
and 12.4.
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SOUTH EAST WOLLONGONG CATCHMENT AND OSD
13.1 INTRODUCTION
In this section, the South East Wollongong (or Golf Course catchment), which 
comprises the eastern central business district of Wollongong City, was modelled. This 
catchment was described in Section 6.2 of this study.
Data and methods generated in Chapters 6, 7 and 8 have been adopted for this more 
detailed and larger catchment model.
This catchment was modelled using the WBNM model and was modelled with twenty 
sub-catchments. For this model the catchment has been divided into sub-catchments 
based on the drainage characteristics and drainage lines within the catchment.
As for the one sub-catchment analysis presented previously, this catchment was first 
modelled for existing conditions, then for maximum developed conditions and then with 
OSD applied.
In order to ascertain the effects of OSD on real catchments, the above configurations 
were modelled for both normal and high early discharge control. This involved using a 
150mm outlet and the same procedure for calculating and applying storage as per 
chapters 7 and 8.
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In order to calculate the existing and maximum developed conditions peak flows, the 5 
year ARI and the 100 year ARI storms were modelled for the following storm 
durations:
• 15 minutes,
• 30 minutes,
• 60 minutes,
• 90 minutes,
• 120 minutes, and
• 180 minutes.
The results are provided below, followed by a discussion.
The catchment layouts and connectivity of sub-catchments are as indicated on the 
following figure.
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Figure 13.1 South East Wollongong Catchment
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13.2.1 EXISTING CONDITIONS
The peak flows at the catchment outlet, for each of the modelled storms, are tabulated 
below. The existing conditions results are for the 5 year storm.
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The total catchment area was 553.70ha and the percent of impervious area was 39.51%. 
Table 13.1 Peak Flows for Existing Conditions
Catchment 15min 30min 60min 90min 120min 180min
(m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
Cat20 33.5 56.1 79.15 83.35 87.07 76.83
The above results in Table 13.1 indicates that the peak flow results from the 120 minute
storm for existing conditions. The volume at the outlet of the catchment for the
120minute storm is tabulated below.
Table 13.2 Volume at Catchment Outlet
Catchment Volume
_______________ (m3)
Cat20 449,570
13.2.2 MAXIMUM DEVELOPED CONDITIONS
The peak flows, at the catchment outlet, for each of the modelled storms are tabulated
below. The maximum developed conditions results are for the 100 year storm. For the
maximum developed conditions, the percent of impervious area was 51.95%.
Table 13.3 Peak flows for Maximum Developed Conditions for lOOyr storm 
Catchment 15min 30min 60min 90min 120min 180min
____________ (m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
Catch20 81.57 133.97 185.89 192.93 200.45 173.78
The above results indicate that the critical storm is the 120 minute storm under
maximum developed conditions.
The volume at the outlet of the catchment for the 120minute storm was found to be
Table 13.4 Volume at Catchment Outlet
Catchment Volume (m3) 
Cat20 916,450
Page 13.4
Chapter 13 -  South East Wollongong Catchment and OSD
13.2.3 APPLICATION OF ON-SITE DETENTION
For the initial estimate of required storage for OSD, equation (1) is applied, providing 
the following results for required storage for each of the sub-catchments in the 
catchment.
As the model for the catchment provides a value for each of the sub-catchments for 
flows Q and I (ie at existing conditions and maximum developed conditions) and a 
volume, V, then the estimated storage for each of the sub-catchments can be calculated 
as per equation 1. The estimated values used for initial storage volume for each sub­
catchment for the model are tabulated below. These values are a result of calculations 
using equation (1) presented in previous chapters.
The aim of applying the detention storage to each sub-catchment is to reduce each of the 
maximum developed peak flows, I, to the existing peak flows, Q.
Table 13.5 Estimated detention storage for catchment 
Catchment Area (ha) Q (m3/s) I (m3/s) V (m3) S (m3)
SUBAREA1 32.9 3.83 10.13 26570 16524.3
SUBAREA2 19.6 7.31 16.79 46130 26040.5
SUBAREA3 13.8 12.10 24.86 71200 36556.6
SUBAREA4 34.7 13.11 24.79 69360 32687.9
SUBAREA5 8.3 13.35 26.18 82420 40397.8
SUBAREA6 19.4 13.39 28.81 83920 44904.9
SUBAREA7 6.7 6.03 11.43 30250 14301.9
SUBAREA8 20.3 3.54 7.12 17960 9038.0
SUBAREA9 9.3 1.43 2.98 8500 4429.7
SUBAREA10 9.9 3.88 8.59 32140 17641.5
SUBAREA11 30.0 7.95 15.12 41110 19483.7
SUBAREA12 42.1 1.52 3.48 9320 5243.8
SUBAREA13 31.9 1.92 3.48 8510 3817.3
SUBAREA14 34.2 7.60 20.66 67410 42599.5
SUBAREA15 56.7 11.47 23.89 69870 36318.4
SUBAREA16 16.3 12.18 25.4 74860 38959.6
SUBAREA17 33.0 4.56 9.74 33900 18015.0
SUBAREA18 1.8 2.90 6.45 23210 12774.5
SUBAREA19 3.3 5.90 15.8 58900 36894.5
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Catchment Area (ha) Q (m3/s) I (m3/s) V (m3)_____ S (m3)
SUBAREA20 1.3 7.60 21.21 58440 37496.9
13.2.3.1 Reduction of 100yr to Syr flows: Normal Discharge Control
The values for detention storage calculated in Table 13.5 were found to result in the 
target peak flow from each of the sub-catchments not being achieved. In most cases, 
the peak flow from the sub-catchments was not reduced to the target flow, Q, although 
in some cases this reduction was below Q. For the above storage volumes, the peak 
flow at the catchment outlet was 127.9m /s.
For the catchment model a trial and error process to determine the final storage 
requirement, S, was undertaken to ensure that the target flow, Q, for each sub-catchment 
was achieved.
The final H-S relationship and resulting peak flows, height of water in each basin and 
time for peak flow are illustrated in Table 13.6.
Table 13.6 Results for OSD -  normal discharge control
Catchment 0.2 0.4 0.6 0.8 1 Q out 
(m3/s)
Hmax
(m)
T
(min)
SUBAREA1 2.063 4.126 6.189 8.252 10.315 3.830 0.984 66
SUBAREA2 3.041 6.082 9.123 12.164 15.205 7.312 0.992 66
SUBAREA3 4.070 8.140 12.210 16.280 20.350 12.096 1.000 66
SUBAREA4 3.651 7.301 10.952 14.602 18.253 13.107 1.000 66
SUBAREA5 4.234 8.468 12.702 16.936 21.170 13.348 1.000 64
SUBAREA6 5.096 10.192 15.288 20.384 25.480 13.394 0.999 69
SUBAREA7 1.622 3.245 4.867 6.490 8.112 6.026 0.995 50
SUBAREA8 1.083 2.166 3.249 4.332 5.415 3.537 0.982 49
SUBAREA9 0.510 1.020 1.530 2.040 2.550 1.427 0.974 55
SUBAREA10 2.310 4.620 6.930 9.240 11.550 3.875 0.983 72
SUBAREA11 2.185 4.370 6.555 8.740 10.925 7.954 0.995 67
SUBAREA12 0.605 1.210 1.815 2.420 3.025 1.522 0.975 69
SUBAREA13 0.460 0.921 1.381 1.842 2.302 1.919 0.988 70
SUBAREA14 5.406 10.812 16.218 21.624 27.030 7.604 0.992 85
SUBAREA15 4.021 8.042 12.063 16.084 20.105 11.472 0.995 59
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Catchment 0.2 0.4 0.6 0.8 1 Q out 
(m3/s)
Hmax
(m)
T
(min)
SUBAREA16 4.301 8.602 12.903 17.204 21.505 12.181 0.999 70
SUBAREA17 2.131 4.262 6.393 8.524 10.655 4.564 0.990 78
SUBAREA18 1.690 3.380 5.070 6.760 8.450 2.900 0.974 76
SUBAREA19 4.969 9.938 14.907 19.876 24.845 5.903 0.976 84
SUBAREA20 4.833 9.666 14.499 19.332 24.165 7.601 0.992 90
Using the above, the outflow is 132.2m3/s which is greater than the target of 87.1m3/s. 
However, the value for Q out from each sub-catchment is equivalent to the peak flow, 
Q, from the sub-catchments for existing developed conditions and the 5 year storm.
The application of OSD has resulted in the peak flow from each of the sub-catchments 
being reduced to the target (designed) flow. However, at the catchment outlet the flow 
has not been reduced to the 5 year flow, although there is a substantial reduction in flow 
from the catchment when compared to the 100 year flow for maximum developed 
conditions.
13.2.3.2 Summary of Results: 100 yr flows by normal discharge 
control
Table 13.7 summarises the peak discharges resulting from the application of OSD with
normal discharge control.
Table 13.7 Peak discharges
Catchment 120min Target
___________(m3/s) (m3/s)
Cat20 132.20 87.07
As stated in Section 13.2, the PSD for each sub-catchment was maintained at the 
allowable limit in order to achieve the above peak discharges from the catchment.
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These results for peak flow are greater than the target flows. This is due to the change 
in time for the peak flow from each of the sub-catchments. This is further discussed in 
Section 13.3.
The final total storage volume and the storage volume initially calculated (using 
equation 1) for each catchment to reduce the maximum developed catchment back to 
the peak flow at the catchment outlet for existing conditions are as indicated in Table 
13.8.
Table 13.8 Initial and final storage volumes 
Catchment Equation 1 Final Storage 
Estimated used in model
_____________Storage (m3)_________(m3)_____
Cat20 494,176 291,407
A comparison of time for peak flows to reach the outlet and also downstream nodes is 
an important consideration in determining if OSD has any detrimental effects on a 
catchment. This is discussed in section 13.3 of this chapter.
The number of outlets for each sub-catchment and the time for peak flow from the sub­
catchments is provided in Table 13.9.
Table 13.9 Outlets for OSD basins and Peak Flow Time 
Catchment_____ # of outlets Time (min)
SUBAREA1 80 66
SUBAREA2 152 66
SUBAREA3 250 66
SUBAREA4 271 66
SUBAREA5 276 64
SUBAREA6 277 69
SUBAREA7 125 50
SUBAREA8 74 49
SUBAREA9 30 55
SUBAREA 10 81 72
SUBAREA11 165 67
SUBAREA12 32 69
SUBAREA13 40 70
SUBAREA14 158 85
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Catchment # of outlets Time (min)
SUBAREA15 238 59
SUBAREA16 253 70
SUBAREA17 95 78
SUBAREA18 61 76
SUBAREA19 124 84
SUBAREA20 158 90
13.2.3.3 Reduction of 100 year to 5 year flows: High Early Discharge
Control
In this section the catchment models have high early discharge (HED) control applied to 
the on-site detention basins. As stated in Chapter 8, HED is a method that increases the 
rate of discharge from a detention basin such that the PSD is reached early in the storm 
and this rate of discharge is maintained for as long as is possible.
In order to undertake the modelling for HED, the storage volume at the 0.8m level was 
set at 90% of the basin volume. A volume was then applied for the basin and through 
trial and error, a suitable storage volume that supplied both the discharge required and 
that prevented the height of the basin from being exceeded was determined.
The final HED volumes and resulting peak flows, height of water in basins and time for
peak flow are presented in Table 13.10.
Table 13.10 Results for OSD -  HED discharge control
Catchment 0.8 1 Outlets Q out 
(m3/s)
H max 
(m)
% of 
normal S
SUBAREA1 6.890 7.655 80 3.830 0.799 74%
SUBAREA2 9.770 10.855 152 7.312 0.796 71%
SUBAREA3 12.734 14.149 250 12.096 0.794 70%
SUBAREA4 11.011 12.234 271 13.107 0.782 67%
SUBAREA5 13.302 14.78 276 13.348 0.798 70%
SUBAREA6 16.340 18.155 277 13.394 0.797 71%
SUBAREA7 4.842 5.38 125 6.026 0.777 66%
SUBAREA8 3.237 3.597 74 3.537 0.778 66%
SUBAREA9 1.664 1.849 30 1.427 0.788 73%
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Catchment 0.8 1 Outlets Q out 
(m3/s)
H max 
(m)
% of 
normal
SUBAREA10 8.105 9.005 81 3.875 0.827 78%
SUBAREA11 6.541 7.268 165 7.954 0.781 67%
SUBAREA12 1.971 2.19 32 1.522 0.791 72%
SUBAREA13 1.335 1.483 40 1.917 0.764 64%
SUBAREA14 19.202 21.335 158 7.604 0.831 79%
SUBAREA15 12.635 14.039 238 11.472 0.795 70%
SUBAREA16 13.615 15.128 253 12.181 0.797 70%
SUBAREA17 7.236 8.04 95 4.564 0.824 75%
SUBAREA18 5.888 6.542 61 2.900 0.814 77%
SUBAREA19 17.795 19.772 124 5.903 0.834 80%
SUBAREA20 16.688 18.542 158 7.601 0.803 77%
The outflow at the catchment outlet is 129.9m'Vs which is greater than the target of
87.1m3/s. However, the value for Q out from each sub-catchment is equivalent to the
peak flow, Q, from the sub-catchments for existing developed conditions and the 5 year
storm.
The application of OSD has resulted in the peak flow from each of the sub-catchments
being reduced to the target (designed) flow. However, at the catchment outlet the flow 
has not been reduced to the 5 year flow, although there is a substantial reduction in flow
for the catchment when compared to the lOOyr flow that has had OSD applied.
13.2.3.4 Summary of Results: 100 yr flows for HED
Table 13.11 summarises the peak discharges resulting from the application of OSD with
HED discharge control.
Table 13.11 Peak discharges
Catchment 120min Target
___________(m3/s) (m3/s)
Cat20 129.94 87.07
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The PSD for each sub-catchment was maintained at or below the allowable limit (the 
target flow -  derived from the flow for existing conditions) in order to achieve the 
above targeted peak discharges from the catchment.
These results for peak flow are greater than the target flows. This is due to the change 
in time for the peak flow from each of the sub-catchments. This is further discussed in 
Section 13.3.
The required storage for HED control and that required for normal discharge control to
reduce the maximum developed conditions catchment back to the peak flow at the
catchment outlet for existing conditions are presented in Table 13.12.
Table 13.12 Comparison of normal and HED discharge control storage volumes 
Catchment Storage used Storage HED storage volume as 
for normal used for percentage of normal 
discharge HED control discharge control volume
______________ control_________________________________________
Cat20 291,407 211,998 73
These results for S indicate that the storage required for HED discharge control is
significantly less than that required for normal discharge control. This finding agrees
with the findings in chapters 7 and 8.
A comparison of time for peak flows to reach the outlet and also downstream nodes is 
an important consideration in determining if OSD has any detrimental effects on a 
catchment. This is discussed in section 10.3 of this chapter.
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13.3 DISCUSSION
The original flows from each node for existing conditions is compared with the flows 
due to OSD on Table 13.13. The time for peak discharge at each of the nodes is also
presented.
Table 13.1 
Node
3 Time for Pei 
Existing 
Peak Time 
Flow
(m3/s) (min)
ik discharge 
Developed 
Peak Time 
Flow
(m3/s) (min)
Normal Detention 
Peak Time 
Flow
(m3/s) (min)
HED Detention 
Peak Time 
Flow
(m3/s) (min)
1 3.83 40 10.13 40 3.83 66 3.83 66
2 10.1 40 25.64 40 11.08 66 11.02 66
3 19.31 40 46 40 22.86 66 22.6 65
4 27.85 41 63.26 41 35.05 66 34.3 62
5 13.35 40 26.17 40 13.35 64 13.35 64
6 47.91 44 106.26 43 61.35 69 60.67 66
7 6.03 40 11.43 40 6.03 50 6.03 50
8 3.54 40 7.11 40 3.54 49 3.54 49
9 4.67 40 9.77 40 4.89 55 4.76 55
10 7.35 45 16.16 43 8.48 72 8.2 80
11 16.97 41 36.3 41 21.2 67 20.73 55
12 17.93 45 38.29 44 22.67 69 22.15 59
13 66.34 46 145.91 45 85.5 70 84.12 66
14 7.6 40 20.65 40 7.6 85 7.6 85
15 11.47 40 23.89 40 11.47 59 11.47 59
16 24.7 42 59.18 40 30.32 70 29.8 67
17 25.36 49 61.4 46 34.54 78 33.96 73
18 89.96 51 205.54 48 122.02 76 119.89 73
19 87.28 59 201.22 54 126.31 84 124.01 80
20 87.07 67 200.45 61 132.2 90 129.94 86
Table 13.13 and Figure 13.2 clearly indicate that the application of OSD, through both 
normal and HED discharge control, changes the timing for peak flow from each of the 
sub-catchments. The results in previous tables in this chapter clearly show that the 
target peak flow from each of the sub-catchments is achieved. The timing of these peak 
flows, however, results in changes to the size of the peak flow at each of the nodes 
within the catchment This is illustrated in Figure 13.3 which indicates the peak flows at 
each of the nodes within the catchment. This clearly indicates that the application of
Page 13.12
Chapter 13 -  South East Wollongong Catchment and OSD
OSD results in a significant reduction in peak flows within the catchment drainage 
network, but that this reduction does not reach the target of the 5 year storm for existing 
development conditions.
The time to peak flow at the catchment outlet has been increased by twenty three 
minutes through the application of normal discharge control and increased by nineteen 
minutes through the application of HED discharge control to the sub-catchments of this 
model.
Sub-catchment Flows
The time to peak flow and the peak flow at critical nodes of the catchment model is 
illustrated on Figure 13.4, as a catchment layout with peak flows and times at critical 
locations within the catchment. This diagram further illustrates that the application of 
OSD (through both normal and HED control) has resulted in downstream flows being 
reduced from those resulting from the maximum developed conditions. However, even 
though the flows from each sub-catchment are reduced to the target flow of existing 
conditions, downstream flows are not reduced completely down to the 5 year peak 
target flows recorded for existing conditions. It should be noted that the downstream 
flows are less than those recorded for maximum developed conditions.
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Figure 13.2 Catchment Peak Flow Times
O)
o
o
E
Peak Flow Times
\  fc A  nO)
Node
Existing
□ Developed
□ Normal Detention 
■ HED Detention
Page 13.14
Chapter 13 -  South East Wollongong Catchment and OSD
Figure 13.3 Catchment Peak Flows
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Figure 13.4 South East Wollongong Catchment
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13.4 CONCLUSION
The aim of this chapter was to determine the effect of OSD on a real catchment. The 
modelling undertaken in this chapter also allows for an examination of the effect of the 
application of OSD to catchment flows, both at the catchment outlet and within the 
catchment itself. The results presented in this chapter indicate that the application of 
OSD, through either normal or high early discharge control, does not increase the 
flooding levels from a sub-catchment and, in fact, reduces them significantly. The peak 
flows downstream of the sub-catchments with detention storage applied, however, do 
not reduce completely down to the target peak flow of the 5 year storm for existing 
conditions. The peak flows at the catchment outlet are summarised in Table 13.14.
Table 13.14 Peak Flows at Catchment Outlet
Catchment Existing Developed Normal OSD HED OSD
ARI 5yr ARI lOOyr ARI lOOyr ARI lOOyr
______________ (m3/s)____ (m3/s)_______ (m3/s)_______ (m3/s)
Cat20 87.07 200.45 132.20 129.94
The results indicate that the developed peak flow at the catchment outlet has been
reduced from 200.5m /s to 132.2m /s through the application of OSD with normal
discharge control. This represents a reduction of approximately 34% in the peak flow
rate at the catchment outlet.
The application of OSD results in changes to the time of peak flow at each sub­
catchment outlet, as is expected for flows being detained.
The results also indicate that the use of HED can provide significant savings on the 
storage volume required that would otherwise be used under normal discharge control. 
This reduction results in storage volumes that generally range from 64% to 80% of that
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utilised in normal discharge control. The results are as expected from HED theory in 
terms of providing significant savings in storage volume to control peak storm flows.
OSD control has been found to be an effective form of limiting storage volume and 
achieves the desired objectives of limiting peak runoff from a catchment. However, the 
reduction does not meet the specified target peak flows, as illustrated in Figures 13.3 
and 13.4.
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HOSPITAL HILL CATCHMENT AND OSD
14.1 INTRODUCTION
In this section, the ‘Hospital Hill catchment’, which is a sub-catchment of the Fairy 
Creek catchment and includes Wollongong Hospital, was modelled. This catchment 
was described in Section 6.3 of this study.
Data and methods generated in Chapters 6, 7 and 8 have been adopted for this more 
detailed and larger catchment model.
This catchment was modelled using the WBNM model and was modelled with thirty 
two sub-catchments. For this model the catchment has been divided into sub-catchments 
based on the drainage characteristics and drainage lines within the catchment.
As for the one sub-catchment analysis presented previously, this catchment was first 
modelled for existing conditions, then for maximum developed conditions and then with 
OSD applied.
In order to ascertain the effects of OSD on real catchments, the above configurations 
were modelled for both normal and high early discharge control. This involved using a 
150mm outlet and the same procedure for calculating and applying storage as per 
chapters 7 and 8.
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In order to calculate the existing and maximum developed conditions peak flows, the 5 
year ARI and the 100 year ARI storms were modelled for the following storm 
durations:
• 15 minutes,
• 30 minutes,
• 60 minutes,
• 90 minutes,
• 120 minutes, and
• 180 minutes.
The results are provided below, followed by a discussion.
The catchment layouts and connectivity of sub-catchments are as indicated on the 
following figure.
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s/c 7
s/c 26
s/c 30
outlet
Figure 14.1 Hospital Hill Catchment
14.2 W B N M  M O DEL RESULTS
14.2.1 EXISTING CONDITIONS
The peak flows at the catchment outlet, for each of the modelled storms, are tabulated 
below. The existing conditions results are for the 5 year storm.
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The total catchment area was 27.20ha and the percent of impervious area was 42.03%. 
Table 14.1 Peak Flows for Existing Conditions
Catchment 15min 30min 60min 90min 120min 180min
(m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
Catch32 5.47 6.77 7.76 8 8.5 6.77
The above results in Table 14.1 indicates that the peak flow results from the 120 minute 
storm for existing conditions. The volume at the outlet of the catchment for the 
120minute storm is tabulated below.
Table 14.2 Volume at Catchment Outlet
Catchment_____Volume (m )
Catch32 22,680
14.2.2 MAXIMUM DEVELOPED CONDITIONS
The peak flows, at the catchment outlet, for each of the modelled storms are tabulated 
below. The maximum developed conditions results are for the 100 year storm. For the 
maximum developed conditions, the percent of impervious area was 78.15%.
Table 14.3 Peak flows for Maximum Developed Conditions for lOOyr storm
Catchment 15min 30min 60min 90min 120min 180min
(m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
Catch32 13.73 15.62 16.89 17.19 18.15 13.94
The above results indicate that the critical storm is the 120 minute storm under 
maximum developed conditions.
The volume at the outlet of the catchment for the 120minute storm was found to be
Table 14.4 Volume at Catchment Outlet
Catchment_____Volume (m3)
Catch32 46,250
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14.2.3 APPLICATION OF ON-SITE DETENTION
For the initial estimate of required storage for OSD, equation (1) is applied, providing 
the following results for required storage for each of the sub-catchments in the 
catchment.
As the model for the catchment provides a value for each of the sub-catchments for 
flows Q and I (ie at existing conditions and maximum developed conditions) and a 
volume, V, then the estimated storage for each of the sub-catchments can be calculated 
as per equation 1. The estimated values used for initial storage volume for each sub­
catchment for the model are tabulated below. These values are a result of calculations 
using equation (1) presented in previous chapters.
The aim of applying the detention storage to each sub-catchment is to reduce each of the 
maximum developed peak flows, I, to the existing peak flows, Q.
Table 14.5 Estimated detention storage for catchment 
Catchment Area (ha) Q (m3/s) I (m3/s) V (m3) S (m3)
SUBAREA1 6.69 2.038 4.696 11325 6410.1
SUBAREA2 0.29 0.145 0.257 501 218.3
SUBAREA3 1.96 0.733 1.551 3332 1757.3
SUBAREA4 0.14 0.072 0.128 242 105.9
SUBAREA5 0.68 0.289 0.581 1160 583.0
SUBAREA6 0.1 0.052 0.092 173 75.2
SUBAREA7 0.8 0.336 0.665 1348 666.9
SUBAREA8 0.39 0.174 0.34 658 321.3
SUBAREA9 0.17 0.082 0.155 287 135.2
SUBAREA10 0.19 0.097 0.172 328 143.0
SUBAREA11 0.39 0.191 0.344 666 296.2
SUBAREA12 0.58 0.257 0.5 990 481.1
SUBAREA13 0.18 0.092 0.163 311 135.5
SUBAREA14 0.21 0.104 0.19 359 162.5
SUBAREA15 0.16 0.078 0.146 274 127.6
SUBAREA16 0.34 0.169 0.299 587 255.2
SUBAREA17 2.57 1.008 1.966 4346 2117.7
SUBAREA18 0.33 0.164 0.291 570 248.8
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Catchment Area (ha) Q (m3/s) I (m3/s) V (m3) S(m3)
SUBAREA19 1.37 0.524 1.119 2337 1242.6
SUBAREA20 1.28 0.499 1.05 2182 1145.0
SUBAREA21 0.67 0.288 0.574 1145 570.5
SUBAREA22 2.27 0.808 1.782 3864 2112.0
SUBAREA23 0.46 0.208 0.402 785 378.8
SUBAREA24 1.78 0.697 1.403 3010 1514.7
SUBAREA25 0.15 0.077 0.137 259 113.4
SUBAREA26 0.55 0.255 0.475 936 433.5
SUBAREA27 0.18 0.087 0.163 303 141.3
SUBAREA28 0.6 0.267 0.515 1019 490.7
SUBAREA29 0.26 0.131 0.232 449 195.5
SUBAREA30 0.48 0.215 0.418 819 397.7
SUBAREA31 0.78 0.316 0.659 1327 690.7
SUBAREA32 0.2 0.102 0.18 345 149.5
14.2.3.1 Reduction of 100yr to 5yr flows: Normal Discharge Control
The values for detention storage calculated in Table 14.5 were found to result in the 
target peak flow from each of the sub-catchments not being achieved. The peak flow 
was reduced to below the target flow, Q, for all sub-catchments in the model. The peak 
flow at the catchment outlet was reduced to 8.52m3/s, which is slightly larger than the 
target peak flow at the catchment outlet of 8.50m3/s.
For the catchment model a trial and error process to determine the final storage 
requirement, S, was undertaken to ensure that the target flow, Q, for each sub-catchment 
was achieved.
The final H-S relationship and resulting peak flows, height of water in each basin and 
time for peak flow are illustrated in Table 14.6.
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Table 14.6 Results for OSD — normal discharge control
H-S Relationship
Catchment 0.2 0.4 0.6 0.8 1 Q out 
(m3/s)
H max
(m)
SUBAREA1 0.792 1.583 2.375 3.166 3.958 2.038 0.969
SUBAREA2 0.022 0.045 0.067 0.090 0.112 0.145 1.000
SUBAREA3 0.221 0.442 0.663 0.884 1.105 0.733 0.919
SUBAREA4 0.018 0.036 0.054 0.072 0.090 0.072 0.623
SUBAREA5 0.064 0.129 0.193 0.258 0.322 0.289 0.993
SUBAREA6 0.022 0.045 0.067 0.090 0.112 0.052 0.382
SUBAREA7 0.074 0.149 0.223 0.298 0.372 0.336 0.987
SUBAREA8 0.041 0.082 0.123 0.164 0.205 0.174 0.845
SUBAREA9 0.018 0.037 0.055 0.074 0.092 0.082 0.770
SUBAREA10 0.014 0.029 0.043 0.058 0.072 0.097 1.000
SUBAREA11 0.046 0.093 0.139 0.186 0.232 0.191 0.687
SUBAREA12 0.064 0.128 0.192 0.256 0.320 0.257 0.824
SUBAREA13 0.015 0.030 0.045 0.060 0.075 0.092 0.920
SUBAREA14 0.030 0.060 0.090 0.120 0.150 0.104 0.588
SUBAREA15 0.019 0.038 0.057 0.076 0.095 0.078 0.711
SUBAREA16 0.034 0.067 0.101 0.134 0.168 0.169 0.804
SUBAREA17 0.245 0.490 0.735 0.980 1.225 1.008 0.989
SUBAREA18 0.034 0.068 0.102 0.136 0.170 0.164 0.771
SUBAREA19 0.146 0.291 0.437 0.582 0.728 0.524 0.976
SUBAREA20 0.144 0.288 0.432 0.576 0.720 0.499 0.906
SUBAREA21 0.063 0.126 0.190 0.253 0.316 0.288 0.988
SUBAREA22 0.254 0.507 0.761 1.014 1.268 0.808 0.973
SUBAREA23 0.052 0.104 0.156 0.208 0.260 0.208 0.789
SUBAREA24 0.184 0.367 0.551 0.734 0.918 0.697 0.939
SUBAREA25 0.017 0.034 0.050 0.067 0.084 0.077 0.698
SUBAREA26 0.058 0.115 0.173 0.230 0.288 0.255 0.813
SUBAREA27 0.018 0.035 0.053 0.070 0.088 0.087 0.842
SUBAREA28 0.061 0.122 0.183 0.244 0.305 0.267 0.876
SUBAREA29 0.024 0.048 0.072 0.096 0.120 0.131 0.846
SUBAREA30 0.052 0.104 0.156 0.208 0.260 0.215 0.830
SUBAREA31 0.086 0.172 0.258 0.344 0.430 0.316 0.898
SUBAREA32 0.028 0.056 0.084 0.112 0.140 0.102 0.574
Using the above,
T 'Xthe outflow is 10.1m /s which is greater than the target of 8.5m /s.
However, the value for Q out from each sub-catchment is equivalent to the peak flow,
Q, from the sub-catchments for existing developed conditions and the 5 year storm.
The application of OSD has resulted in the peak flow from each of the sub-catchments 
being reduced to the target (designed) flow. However, at the catchment outlet the flow
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has not been reduced to the 5 year flow, although there is a substantial reduction in flow 
from the catchment when compared to the 100 year flow that for maximum developed 
conditions.
14.2.3.2 Summary of Results: 100 yr flows by normal discharge 
control
Table 14.7 summarises the peak discharges resulting from the application of OSD with
normal discharge control.
Table 14.7 Peak discharges 
Catchment 120min Target 
Cat32 10.08 8.50
As stated in Section 14.2, the PSD for each sub-catchment was maintained at the 
allowable limit in order to achieve the above peak discharges from the catchment.
These results for peak flow are greater than the target flows. This is due to the change 
in time for the peak flow from each of the sub-catchments. This is further discussed in 
Section 14.3.
The final total storage volume and the storage volume initially calculated (using
equation 1) for each catchment to reduce the 80% maximum developed catchment back
to the peak flow at the catchment outlet for 10% conditions are indicated in Table 14.8.
Table 14.8 Initial and final storage volumes
Catchment Equation 1 Final Storage
Estimated used in model
_____________Storage (m3)_________(m3)_____
Cat32 14,800 16,629
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A comparison of time for peak flows to reach the outlet and also downstream nodes is 
an important consideration in determining if OSD has any detrimental effects on a 
catchment. This is discussed in section 14.3 of this chapter.
The number of outlets for each sub-catchment and the time for peak flow from the sub­
catchments is provided in Table 14.9.
Table 14.9 Number of outlets for OSD basins and Peak Flow Time 
Catchment # of outlets Time (min)
SUBAREA1 43 50
SUBAREA2 4 42
SUBAREA3 16 46
SUBAREA4 2 46
SUBAREA5 6 46
SUBAREA6 2 46
SUBAREA7 7 44
SUBAREA8 4 43
SUBAREA9 2 44
SUBAREA10 2 44
SUBAREA11 5 42
SUBAREA12 6 43
SUBAREA13 2 41
SUBAREA14 3 45
SUBAREA15 2 47
SUBAREA16 4 47
SUBAREA17 21 48
SUBAREA18 4 49
SUBAREA19 11 50
SUBAREA20 11 45
SUBAREA21 6 50
SUBAREA22 17 51
SUBAREA23 5 43
SUBAREA24 15 45
SUBAREA25 2 45
SUBAREA26 6 43
SUBAREA27 2 43
SUBAREA28 6 51
SUBAREA29 3 42
SUBAREA30 5 43
SUBAREA31 7 51
SUBAREA32 3 52
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14.2.3.3 Reduction of 100 year to 5 year flows: High Early Discharge 
Control
In this section the catchment models have high early discharge (HED) control applied to 
the on-site detention basins. As stated in Chapter 8, HED is a method that increases the 
rate of discharge from a detention basin such that the PSD is reached early in the storm 
and this rate of discharge is maintained for as long as is possible.
In order to undertake the modelling for HED, the storage volume at the 0.8m level was 
set at 90% of the basin volume. A volume was then applied for the basin and through 
trial and error, a suitable storage volume that supplied both the discharge required and 
that prevented the height of the basin from being exceeded was determined.
The final HED volumes and resulting peak flows, height of water in basins and time for
peak flow are presented in the Table 14.10.
Table 14.10 Results for OSD -  HED discharge control 
Catchment 0.8 1 Outlets Q out H max % of
(m3/s) (m) normal S
SUBAREA1 2.4093 2.677 43 2.038 0.969 68%
SUBAREA2 0.06012 0.0668 3 0.145 0.996 60%
SUBAREA3 0.5931 0.659 16 0.733 0.92 60%
SUBAREA4 0.02907 0.0306 2 0.072 0.627 34%
SUBAREA5 0.1818 0.202 6 0.289 0.991 63%
SUBAREA6 0.02898 0.03 2 0.052 0.379 27%
SUBAREA7 0.2097 0.233 7 0.336 0.989 63%
SUBAREA8 0.08955 0.0995 4 0.174 0.846 49%
SUBAREA9 0.0369 0.041 2 0.082 0.774 45%
SUBAREA 10 0.03825 0.0425 2 0.097 1 59%
SUBAREA11 0.1458 0.162 5 0.191 0.692 70%
SUBAREA12 0.13365 0.1485 6 0.257 0.824 46%
SUBAREA13 0.03465 0.0385 2 0.092 0.917 51%
SUBAREA14 0.0475 0.05 3 0.104 0.586 33%
SUBAREA15 0.054 0.06 2 0.078 0.708 63%
SUBAREA16 0.0612 0.068 4 0.169 0.806 40%
SUBAREA17 0.7047 0.783 21 1.008 0.989 64%
SUBAREA18 0.0702 0.078 4 0.164 0.768 46%
SUBAREA19 0.4167 0.463 11 0.524 0.977 64%
SUBAREA20 0.3726 0.414 11 0.499 0.906 58%
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Catchment 0.8 1 Outlets Q out 
(m3/s)
H max
(m)
% of 
normal S
SUBAREA21 0.17595 0.1955 6 0.288 0.989 62%
SUBAREA22 0.7407 0.823 17 0.808 0.973 65%
SUBAREA23 0.1062 0.118 5 0.208 0.786 45%
SUBAREA24 0.4968 0.552 15 0.697 0.94 60%
SUBAREA25 0.0495 0.055 2 0.077 0.701 65%
SUBAREA26 0.11295 0.1255 6 0.255 0.814 44%
SUBAREA27 0.036 0.04 2 0.087 0.852 45%
SUBAREA28 0.1404 0.156 6 0.267 0.879 51%
SUBAREA29 0.04725 0.0525 3 0.131 0.855 44%
SUBAREA30 0.10935 0.1215 5 0.215 0.83 47%
SUBAREA31 0.2169 0.241 7 0.316 0.897 56%
SUBAREA32 0.04275 0.045 3 0.102 0.576 32%
The outflow at the catchment outlet is 9.9m3/s which is greater than the target of
8.5m /s. However, the value for Q out from each sub-catchment is equivalent to the
peak flow, Q, from the sub-catchments for existing developed conditions and the 5 year
storm.
The application of OSD has resulted in the peak flow from each of the sub-catchments 
being reduced to the target (designed) flow. At the catchment outlet the flow has not 
been reduced to the 5 year flow, although there has been a substantial reduction in peak 
flow at the catchment outlet.
14.2.3.4 Summary of Results: 100 yr flows for HED
Table 14.11 summarises the peak discharges resulting from the application of OSD with
HED discharge control.
Table 14.11 Peak discharges
Catchment 120min Target
___________(m3/s) (m3/s)
Cat32 9.91 8.50
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The PSD for each sub-catchment was maintained at or below the allowable limit (the 
target flow -  derived from the flow for existing conditions) in order to achieve the 
above targeted peak discharges from the catchment.
These results for peak flow are greater than the target flows. This is due to the change 
in time for the peak flow from each of the sub-catchments. This is further discussed in 
Section 14.3.
The total required storage for HED control and that required for normal discharge
control to reduce the maximum developed conditions catchment back to the peak flow
at the catchment outlet for existing conditions are presented in Table 14.12.
Table 14.12 Comparison of normal and HED discharge control storage volumes 
Catchment Storage used Storage HED storage volume as 
for normal used for percentage of normal
discharge HED control discharge control volume
______________ control_________________________________________
Cat20 14,800 6,346.4 43%
These results for S indicate that the storage required for HED discharge control is
significantly less than that required for normal discharge control. This finding agrees
with the findings in chapters 7 and 8.
A comparison of time for peak flows to reach the outlet and also downstream nodes is 
an important consideration in determining if OSD has any detrimental effects on a 
catchment. This is discussed in section 14.3 of this chapter.
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14.3 DISCUSSION OF RESULTS
The original flows from each node for existing conditions in compared with the flows 
due to OSD on the following diagrams. The time for peak discharge at each of the 
nodes is also presented.
Table 14.] 3 Time for Peak discharge
Existing Developed Normal Detention HED Detention
Node Peak Time Peak Time Peak Time Peak Time
Flow Flow Flow Flow
(m3/s) (min) (m3/s) (min) (m3/s) (min) (m3/s) (min)
1 2.04 40 4.7 35 2.04 50 2.04 50
2 0.14 35 0.26 35 0.15 42 0.14 42
3 0.73 35 1.55 35 0.73 46 0.73 46
4 0.79 36 1.64 36 0.8 46 0.8 46
5 1.03 37 2.13 36 1.08 46 1.07 46
6 1.07 38 2.21 37 1.13 46 1.11 47
7 0.34 35 0.67 35 0.34 44 0.34 44
8 0.17 35 0.34 35 0.17 43 0.17 43
9 0.4 36 0.8 35 0.42 44 0.42 45
10 0.66 36 1.27 36 0.68 44 0.68 44
11 0.19 35 0.34 35 0.19 42 0.19 42
12 0.42 35 0.81 35 0.45 43 0.45 43
13 0.09 35 0.16 35 0.09 41 0.09 41
14 1.64 37 3.29 36 1.76 45 1.74 47
15 4.31 38 9.36 36 4.52 47 4.48 48
16 4.56 38 9.82 37 4.82 47 4.75 49
17 5.41 40 11.38 39 5.78 48 5.67 49
18 5.5 40 11.59 39 5.93 49 5.82 50
19 5.86 41 12.49 40 6.43 50 6.28 50
20 0.5 35 1.05 35 0.5 45 0.5 45
21 6.47 41 13.76 40 7.18 50 6.99 50
22 6.95 42 14.89 41 7.94 51 7.73 51
23 0.21 35 0.4 35 0.21 43 0.21 43
24 0.7 35 1.4 35 0.7 45 0.7 45
25 0.96 36 1.9 35 0.98 45 0.98 46
26 0.26 35 0.47 35 0.25 43 0.25 43
27 0.33 35 0.62 35 0.34 43 0.34 42
28 8.08 42 17.3 41 9.41 51 9.21 50
29 0.13 35 0.23 35 0.13 42 0.13 42
30 0.22 35 0.42 35 0.21 43 0.21 43
31 8.32 42 17.8 41 9.8 51 9.61 51
32 8.5 43 18.15 41 10.08 52 9.91 51
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Table 14.13 and Figure 14.2 clearly indicate that the application of OSD, through both 
normal and HED discharge control, changes the timing for peak flow from each of the 
sub-catchments. The results in the tables of this chapter clearly show that the target 
peak flow from each of the sub-catchments is achieved. The timing of these peak flows, 
however, results in changes to the size of the peak flow at each of the nodes within the 
catchment. This is illustrated in Figure 14.3 which indicates the peak flows at each of 
the nodes within the catchment. This clearly indicates that the application of OSD 
results in a significant reduction in peak flows within the catchment drainage network, 
but that this reduction does not reach the target of the 5 year storm for existing 
development conditions.
The time to peak flow at the catchment outlet has been increased by nine minutes and 
eight minutes through the application of normal and HED discharge control to the sub­
catchments of this model.
Sub-catchment Flows
The time to peak flow and the peak flow at critical nodes of the catchment model is 
illustrated on Figure 14.4, as a catchment layout with peak flows and times at critical 
locations within the catchment. This diagram further illustrates that the application of 
OSD (through both normal and HED control) has resulted in downstream flows being 
reduced from those resulting from the maximum developed conditions. However, even 
though the flows from each sub-catchment are reduced to the target flow of existing 
conditions, downstream flows are not reduced completely down to the 5 year peak 
target flows recorded for existing conditions. It should be noted that the downstream 
flows are less than those recorded for maximum developed conditions.
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Figure 14.2 Catchment Peak Flow Times
Peak Flow Tim es
Node
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Figure 14.3 Catchment Peak Flows
Hospital Hill Peak Flows
Existing 
Developed 
Normal Detention 
HED Detention
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Figure 14.4 Hospital Hill Catchment
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14.4 CONCLUSION
The aim of this chapter was to determine the effect of OSD on a real catchment. The 
modelling undertaken in this chapter also allows for an examination of the effect of the 
application of OSD to catchment flows, both at the catchment outlet and within the 
catchment itself. The results presented in this chapter indicate that the application of 
OSD, through either normal or high early discharge control, does not increase the 
flooding levels or peak flows from a sub-catchment and, in fact, reduces them 
significantly. The peak flows downstream of the sub-catchments with detention storage 
applied, however, do not reduce completely down to the target peak flow of the 5 year 
storm for existing conditions. The peak flows at the catchment outlet are summarised in 
Table 14.14.
Table 14.14 Peak Flows at Catchment Outlet
Catchment Existing Developed Normal OSD HED OSD 
ARI 5yr ARI lOOyr ARI lOOyr ARI lOOyr
______________(m3/s)____ (m3/s)_______ (m3/s)______ (m3/s)
Cat32 8.50 18.15 10.08 9.91
The results indicate that the developed peak flow at the catchment outlet has been 
reduced from 18.2m /s to 10.1m /s due to the application of OSD with normal discharge 
control. This represents a reduction of approximately 45% in the peak flow rate at the 
catchment outlet.
The application of OSD results in changes to the time of peak flow at each sub­
catchment outlet, as is expected for flows being detained.
The results also indicate that the use of HED can provide significant savings on the 
storage volume required that would otherwise be used under normal discharge control.
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This reduction results in volumes that generally range from 27% to 70% of that utilised 
in normal discharge control. The results are as expected from HED theory in terms of 
providing significant savings in storage volume to control peak storm flows.
OSD control has been found to be an effective form of limiting storage volume and 
achieves the desired objectives of limiting peak runoff from a catchment. However, the 
reduction does not meet the specified target peak flows, as illustrated in Figures 14.3 
and 14.4.
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CONCLUSIONS
15.1 ON-SITE DETENTION
As stated at the start of this study, the primary objective of any detention system is to 
provide a temporary storage of stormwater and to control the discharge to a pre­
determined rate in order to prevent downstream flooding. This storage has often been 
provided through the use of large regional detention basins. Where a section of 
catchment is being redeveloped, there is often a lack of space, which precludes the use 
of large basins.
OSD is the provision of temporary detention storage of stormwater to individual lots in 
a development or redevelopment to ensure that the site does not aggravate flooding 
throughout the catchment. OSD aims to control site runoff, as near to the source as 
possible. OSD systems were conceived with the best of intentions. Such systems have 
been devised to address the problems facing infrastructure providers and local 
government -  providing a method to cope with piecemeal development and re­
developments. This provides an alternative to enlarging existing stormwater drainage 
systems, a costly and often difficult operation to undertake with significant short term 
construction impacts to the local area. The use of OSD systems is a method of allowing 
those responsible for increased runoff, and who benefit from the change, to provide the 
storage to maintain the status quo.
This study set out the following aims:
• review current practice for OSD in Australia;
• to analyse the impacts of OSD basins on stormwater management;
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• analyse the sensitivity of applying OSD with respect to scaling of models;
• compare the use of normal discharge control versus the use of high-early discharge 
control for OSD;
• compare the effectiveness of OSD basins with larger, regional type basins that serve 
a number of residential allotments in a community; and
• investigate the impacts of imposing OSD in real catchments, including downstream 
effects.
The results of this study as they relate to the above aims are discussed in the following
sections.
15.2 CURRENT PRACTICE FOR OSD IN AUSTRALIA
The results of this studies review of current practice for OSD of Australian council’s
OSD policies found that there is:
• Limited use of OSD outside of New South Wales,
• Some use of OSD in Victoria,
• Developing areas of south-east Queensland are currently investigating the 
development and implementation of policies to combat flooding problems,
• The site based approach is specified most often by councils,
• For policies in development, there is equal development of site based and 
catchment based approaches being adopted by councils,
• Some Sydney councils have adopted a catchment approach due to NSW government 
requirements on asset management, thereby allowing councils to undertake 
catchment assessments as the information is available,
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• Most councils require a reduction in developed catchment outflows for all storms up 
to and including the 1 in 100 year average recurrence interval storm,
• Most councils adopting OSD have a goal of reducing the maximum developed 
storm to the outflows resulting from pre development conditions for all storms up to 
and including the 1 in 100 year average recurrence interval storm, and
• Some councils require that the peak discharge for the development be reduced to the 
peak discharge that occurred for the undeveloped 5 year average recurrence interval 
storm.
15.3 THE IMPACTS OF OSD BASINS ON STORMWATER 
MANAGEMENT
The literature indicates that the recommended practice is to manage storms up to and 
including the 100 year storm for a catchment. The current policies reflect a desire 
amongst local government to ensure that peak discharges from development sites are 
limited to the pre-development conditions for the full range of storms up to the 100 year 
storm.
The two major methods in applying OSD are the site based and the catchment based 
method. The site based method ensures that the discharge at the outlet of the site is 
limited to the pre-development conditions whereas the catchment based method utilised 
permissible site discharge and site storage requirements on a site to ensure that the net 
effect on the total catchment is managed.
The review of literature indicates that the site based methods require higher discharge 
and site storage values than those specified in catchment based policies, however
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current practice has raised questions as to the effectiveness of the site based method in 
managing the downstream effects for larger storms.
The available literature is generally in agreement that the implementation of OSD is an 
effective tool in managing flooding and assisting in minimising downstream effects.
With the problems identified in reliable operation of OSD, as quoted by Nicholas 
(1994), O’Loughlin (1999) and Bewsher (1995), due to a lack of maintenance of the 
systems, there are some questions raised as to the usefulness of introducing such 
systems. With the lack of maintenance and the uncertainty as to the standard of 
construction, there is a real risk that the installed systems are operating in a fashion 
never intended by the design. These authors have noted that in such instances, the 
systems can increase rather than decrease flooding in catchments.
Flooding is becoming more of a concern in Australian communities with the increasing 
urbanisation of areas of cities that were once rural/semi-rural in nature. There is a 
requirement from councils to manage stormwater runoff from these newly developing 
areas to ensure that the existing residents do not suffer adversely from the development 
that has taken place.
The sensible implementation of OSD systems where they can be beneficial is one means 
of ensuring that stormwater runoff is managed. The problems with OSD have been 
primarily reported as relating to a lack of knowledge from builders and occupiers, and a 
lack of maintenance to ensure systems operate to the standard designed.
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The methods available to stormwater management practitioners include both structural 
and non-structural solutions and the implementation of the solution is dependent on the 
site, the soil conditions and the behaviour of the catchment. This review has indicated 
the importance of undertaking a thorough review of the available options that are suited 
to solving the problem. Like many problems, a variety of engineering solutions can be 
applied, however, there are a variety of planning and zoning options that are also 
available and should be first investigated for implementation.
Often, the requirement to implement a control on stormwater runoff is due to 
redevelopment of an existing site for which it is necessary to ensure there are no adverse 
effects. In such situations, a structural solution of some type is required to be 
implemented in order to meet the requirements on the development. In such a situation, 
OSD is certainly one of a variety of options that is worth pursuing.
This review of current practice in stormwater management indicates that OSD is a 
solution to the management of stormwater discharge. The evidence available indicates 
that where OSD is correctly applied and managed, the performance of the system meets 
all the requirements of the design.
15.4 THE SENSITIVITY OF APPLYING OSD WITH RESPECT TO 
SCALING
In this study a single catchment has been modelled for varying catchment area in order 
to assist in analysing the impact of scaling to catchments. The single catchment was
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modelled with all other catchment data remaining constant except for the area of the 
catchment.
The scenarios (increasing catchment area) test the performance of OSD relevant to a 
catchment and also assist in testing the sensitivity of the model to scaling of the 
catchment. These scenarios serve to provide results as to the trend for increasing 
catchment area and that the theory for applying detention storage hold for changes in 
catchment size.
The results for fixed percentage reductions in peak flow further reinforce that the 
methodology for scaling of catchments is correct. The comparison of final/estimated 
storage for each of the desired reductions in peak flow indicates that each follow an 
increasing trend in storage volume required, the primary difference being the different 
base values that each of the reduction curves starts from. Each model also required 
more outlets to ensure peak flow targets are met for increasing catchment area. This 
increase is not linear but increases by what would be best represented by a curve.
The PSD and SSR for reducing the 5 yr and 100 yr storms to existing conditions were 
calculated. The SSR values for the single catchment are indicated in Figure 15.1. This 
indicates that the SSR to reduce the 5 yr maximum developed conditions outflow to 5 yr 
existing conditions and the lOOyr maximum developed conditions outflow to 100 yr 
existing conditions are similar whereas to reduce the 1 OOyr storm to the 5 yr existing 
conditions requires considerably more storage.
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Figure 15.1 Comparison of SSR for various storms
Comparison of SSR for various storms
5 to 5yr SSR 
100 to 100yr SSR 
100 to 5yr SSR
The results in this study indicate that there is an effect of scale on a catchment however 
this effect is not large. Note that the range of catchment areas in Figure 15.1 (from 0.1 
to 8ha) is quite large. Despite this the SSR increases only moderately. Over a smaller 
range of area (for example from 1 to 4ha) the SSR increases by a lesser amount. This 
effect is not exactly proportional to catchment area, as was presented for the required 
number of outlets for each of the catchments. The results indicate that the methodology 
utilised to provide OSD to catchments is a reasonable means of modelling that considers 
and accounts for the minor effect of scaling on catchment peak flows.
The results in this study were obtained through the use of the WBNM and DRAINS 
model. The study found that the WBNM model was the more appropriate modelling 
package to use for the sub-catchment areas analysed, which generally had an area well 
in excess of lha (especially the results presented in chapters 12, 13 and 14). For 
catchment areas of less than lha the DRAINS model and WBNM model were equally 
appropriate.
Page 15.7
Chapter 15 - Conclusions
This study investigated various scenarios, such as increasing catchment area, branched 
and network layouts for sub-catchments within a catchment, various scenarios for 
impervious area within sub-catchments, both 5 year and 100 year storms and applied the 
methodology to catchments in both Wollongong and Canberra. These results, which are 
primarily presented in Chapter 7, indicated that the methodology adopted resulted in 
consistent results. The methodology adopted accounts for the affect of increasing 
catchment area through a corresponding increase in catchment outlets. The 
methodology was proven for each of the scenarios in Chapter 7 and then applied for the 
subsequent analysis of HED, large detention basins and actual catchments in the 
Wollongong area -  as presented in Chapters 9 through to 14.
15.5 THE USE OF NORMAL DISCHARGE CONTROL VERSUS 
HIGH EARLY DISCHARGE CONTROL FOR OSD
The results indicate that the use of HED can provide significant savings on the storage 
volume required that would otherwise be used under normal discharge control. This 
reduction results in volumes that generally range from 50% to 80% of that utilised in 
normal discharge control. The results are as expected from HED theory in terms of 
providing significant savings in storage volume to control peak storm flows.
These results indicate that for increasing catchment area using HED outlet control, there 
is a consistent saving in storage volume when compared to conventional (normal) 
discharge control. The results plateau for catchments of area 2ha and greater such that 
the saving in storage volume tends to be consistent (Refer to Figure 8.9).
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HED control has been found to be an effective form of limiting storage volume and still 
achieving the desired objectives of limiting peak runoff from a catchment.
15.6 COMPARISON OF THE EFFECTIVENESS OF OSD WITH 
LARGE DETENTION BASINS
The results from this study indicate that for a large detention basin provided at the 
catchment outlet, less storage is required to reduce peak flows to the target flow when 
compared to the total storage required for all OSD basins with normal discharge control.
As can be seen from the results presented in Chapter 11, the application of a large 
detention basin can provide a more efficient use of storage volume, with approximately 
99% of the provided storage utilised in this model. This is due to the basin being sized 
for the entire catchment, rather than each of the individual sub-catchments as is required 
for the application of OSD. The comparison of outlets required for detention clearly 
indicates that the additional number of outlets for OSD results in a different storage 
volume to attain the desired reduction in peak flow.
When comparing the storage for the large basin to the total for HED discharge control, 
even more storage is required. This is due to the characteristics of HED which ensure a 
low storage volume is required by achieving the desired peak flow as early as possible.
A comparison of peak flows for the large detention basin compared to OSD indicates 
that similar peak flows and time to peak flow result from the application of detention 
through either a large basin or OSD basin.
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Some other important points to consider when comparing large detention basins with 
OSD are:
• The large basins do not control stormwater flows from other sub-catchments 
within a catchment, whereas OSD controls each of the sub-catchments to which it is 
applied, and
• The results in Chapters 9 and 10 indicate that OSD can provide some assurance 
that there will be no increase in flooding downstream of the sub-catchments to 
which it is applied when compared to the maximum developed storm for which the 
detention is applied.
The results indicate that the application of detention can be adequately applied through 
the use of either large detention basins or OSD. The results also indicate that less 
storage and less outlets are required in general for large basins when compared to OSD.
In applying detention, OSD has the advantage over large basins of controlling flows 
within a catchment’s sub-catchments rather than at the catchment outlet only. In 
determining the method of detention that is to be applied to a catchment it is important 
to consider the desired outcomes of the flood measures to be applied. If the designer 
wishes to control flooding within a catchment then OSD is a means of achieving this 
objective. If the designer wishes to control flooding downstream of a catchment only, 
then a large basin may be a more efficient option.
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15.7 THE IMPACTS OF IMPOSING OSD IN REAL CATCHMENTS
The results in this study clearly show that the target peak flow from each of the sub­
catchments can be achieved. The timing of these peak flows, however, results in 
changes to the size of the peak flow at each of the nodes within the catchment. This is 
illustrated in Figure 15.2 which indicates the peak flows at each of the nodes within the 
catchment. This clearly indicates that the application of OSD results in a significant 
reduction in peak flows within the catchment drainage network, but that this reduction 
does not reach the target of the 5 year storm for existing development conditions (refer 
to Sections 12.2.3.2, 13.2.3.2 and 14.2.3.2). This is due to changes in the timing of peak 
flows from each of the sub-catchments.
The aim of this study was to determine the effect of OSD on a real catchment. The 
results presented indicate that the application of OSD, through either normal or high 
early discharge control, does not increase the flooding levels from any sub-catchment.
The peak flows downstream of the sub-catchments with detention storage applied, 
however, are not reduced to the target flows when compared to the target peak flow of 
the 5 year storm for existing conditions. However there is a significant reduction in peak 
flow. This is due to the application of OSD resulting in changes to the time of peak 
flow at each sub-catchment outlet, as is expected for flows being detained.
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Figure 15.2 Peak Flows at various points within Fairy Creek Catchment
The results also indicate that the use of HED can provide significant savings on the 
storage volume required that would otherwise be used under normal discharge control. 
The modelled results presented indicate that the saving results in volumes that generally 
range from 60% to 80% of that utilised in normal discharge control for large (>lha) 
sub-catchment areas. The modelled results indicate that for smaller (<lha) sub­
catchment areas, the savings in volume will comprise a larger range (ie 27 - 56%, as 
presented in Chapter 14 for Hospital Hill catchment), although the saving in volume is 
also dependent in the increase in impervious area for each of the sub-catchments. These 
results are as expected from HED theory in terms of providing significant savings in 
storage volume to control peak storm flows.
OSD control has been found to be an effective form of limiting storage volume and 
achieves the desired objectives of limiting peak runoff from a catchment.
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The WBNM data and result files for this thesis are provided on the attached CD-ROM 
disc. The files are stored in the following structure for each of the modelling sections of 
this study. The applicable file-path is listed in the following table against each of the 
items studied.
CHAPTER 7 SCALING RESULTS -  NORMAL
MAXIMUM DEVELOPMENT TO EXISTING 
CONDITIONS: 5YEAR STORM
REDUCTION MODELLING
REDUCTION IN PEAK FLOW BY A FIXED 
PERCENTAGE -  UTILISING A CATCHMENT IN 
CANBERRA
MAXIMUM DEVELOPMENT TO EXISTING 
CONDITIONS: 100 YEAR STORM
DISCHARGE
Chapter 7-scaling/existing
Chapter 7-scaling/developed
Chapter 7 -scaling/detention-5yr results/5yr
final/modified number of outlets
Chapter 7 -scaling/detention-5yr results/5yr 
final/percentage reduction/10%
Chapter 7 -scaling/detention-5yr results/5yr 
final/percentage reduction/20%
Chapter 7 -scaling/detention-5yr results/5yr 
final/percentage reduction/30%
Chapter 7 -scaling/detention-5yr results/5yr 
final/percentage reduction/40%
Chapter 7 -scaling/canberra/exisiting 
Chapter 7 —scaling/canberra/developed 
Chapter 7 -scaling/canberra/final
Chapter 7- scaling/lOOyr results/existing 
Chapter 7- scaling/lOOyr results/developed 
Chapter 7- scaling/lOOyr 
results/detention/5yr storm target
CHAPTER 8 SCALING RESULTS -  HIGH EARLY DISCHARGE
HED MODELLING Chapter 8-hed/hed/100yr to lOOyr
Chapter 8-hed/hed/lOOyr to 5yr 
Chapter 8- hed/hed/5yr to 5yr
CHAPTER 9 BRANCHED NETWORK RESULTS
EXISTING CONDITIONS (10% impervious) Chapter 9- branched/existing
MAXIMUM DEVELOPED CONDITIONS (80% 
impervious)
Reduction of lOOyr to 5yr flows: Normal Discharge 
Control
Reduction of lOOyr to 5yr flows : High Early 
Discharge Control
Chapter 9- branched/developed/100yr flows
Chapter 9 — branched/detention/100yr/100yr 
to 5yr
Chapter 9 —branched/detention/ lOOyr/ lOOyr 
to 5yr HED
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CHAPTER 10 SERIES NETWORK RESULTS
EXISTING CONDITIONS (10% impervious) Chapter 10- series/existing
MAXIMUM DEVELOPED CONDITIONS (80% 
impervious)
Chapter 10-series/developed/lOOyr flows
Reduction of lOOyr to 5yr flows: Normal Discharge 
Control
Chapter 10- series/detention/lOOyr/lOOyr to 
5yr
Reduction of lOOyr to 5yr flows: High Early 
Discharge Control
Chapter 10-series/detention/lOOyr/lOOyr to 
5yr HED
CHAPTER 11 LARGE DETENTION BASINS
BRANCHED NETWORK
ONE LARGE BASIN (lm deep) at CATCHMENT
OUTLET FOR lOOyr STORM
Chapter 11- large
basins/basins/catch 1 /final/1 OOyr storm/1 m 
deep basin
ONE LARGE BASIN (3m deep) at CATCHMENT 
OUTLET FOR lOOyr STORM
Chapter 11 - large
basins/basins/catch 1/final/1 OOyr storm/3m 
deep basin
SERIES NETWORK
ONE LARGE BASIN (lm deep) at CATCHMENT 
OUTLET FOR lOOyr STORM
Chapter 11- large
basins/basins/catch 15/final/100 yr storm/lm 
deep basin
ONE LARGE BASIN (3m deep) at CATCHMENT 
OUTLET FOR lOOyr STORM
Chapter 11- large
basins/basins/catch 15/final/100 yr storm/3m 
deep basin
CHAPTER 12 FAIRY CREEK CATCHMENT AND OSD
EXISTING CONDITIONS (10% impervious) Chapter 12- Fairy Creek/existing
MAXIMUM DEVELOPED CONDITIONS (80% 
impervious)
Chapter 12- Fairy Creek/developed
Reduction of lOOyr to 5yr flows: Normal Discharge 
Control
Chapter 12- Fairy Creek/detention
Reduction of lOOyr to 5yr flows: High Early 
Discharge Control
Chapter 12- Fairy Creek/detention/hed
CHAPTER 13 SOUTH EAST W OLLONGONG CATCHMENT AND OSD
EXISTING CONDITIONS (10% impervious) Chapter 13- South East Wollongong/existing
MAXIMUM DEVELOPED CONDITIONS (80% 
impervious)
Chapter 13- South East 
W ollongong/de veloped
Reduction of lOOyr to 5yr flows: Normal Discharge 
Control
Chapter 13- South East 
W ollongong/detention
Reduction of lOOyr to 5yr flows: High Early 
Discharge Control
Chapter 13- South East 
Wollongong/detention/hed
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CHAPTER 14 HOSPITAL HILL CATCHMENT AND OSD
EXISTING CONDITIONS (10% impervious) Chapter 14- Hospital Hill/existing
MAXIMUM DEVELOPED CONDITIONS (80% 
impervious)
Chapter 14- Hospital Hill/developed
Reduction of lOOyr to 5yr flows: Normal Discharge 
Control
Chapter 14- Hospital Hill/detention
Reduction of lOOyr to 5yr flows: High Early 
Discharge Control
Chapter 14- Hospital Hill/detention/hed
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